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LIU AN, PRINCE OF HUAI NAN ' 


The picture, reproduced from the Lieh Hsien Ch’tian chuan 
(Complete Biographies of the Immortals), represents Liu dn 
and one of the Hsien who taught him the art. The barnyard 
animals, having eaten the materials which remained in the ves- 
- gel the preparation of the medicine, also ascended into the 
clouds. 

Liu An (died 122 B.c.) was the grandson of the first Han Em- 
peror, Kao-ti, and was created Prince of Huai Nan. It is re- 
ported that his writings contained references to alchemy, but the 
only one which has survived to us, a treatise entitled Huai-nan- 
tzu which is included in the Taoist Canon, is an account of cos- 
mogony based on the Yin- Yang doctrine. 


‘ 


COLL 


The story goes that eight Hsien came to the court of Liu An. 
Each of them told him of the marvelous things which he could 
accomplish. The chemist among them said—“One of us can 
boil mud to get gold, assay lead to get silver, and can treat the 
eight stones to give pearls. He can ride the dragon and harness 
the clouds to yah 4 afloat on the Great Clearness.” Liu An 
made the medicine but did not take it at once. Later, on being 
involved in political difficulties, he went up into the mountain 
with the eight Hsien. “There they made a great ceremonial 
offering and buried the gold in the earth. They rose to the sky 
in broad daylight.” (Contributed by Tenney L. Davis. Trans- 
lation by Lu-Ch’iang Wu.) 
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EDITOR’S OUTLOOK 


begin the publication of the papers contributed to the 

symposium on ‘‘Modernizing the Course in General Chem- 
istry’? conducted by the division of Chemical Education at the 
Cleveland meeting of the American Chemical Society. With 
one exception these papers deal with modernization of the sub- 
ject matter of the course in the light of modern chemical knowl- 
edge. (The exception, which will appear in a later number, 
discusses the modification of the high-school course in accordance 
with the needs of the modern social and economic order.) 

The subject-matter papers may be classified as performing one 
of two functions, or a combination of the two. Some of the papers 
represent convenient compilations, logical organizations, and 
lucid presentations of modern fact and theory which the average 
teacher with limited time and mediocre library facilities would 
find it extremely laborious, if not impossible, to prepare for him- 
self. Others of the symposium papers deal with facts and theo- 
ries now generally well known, point out the breadth of applica- 
bility of those facts and theories, and emphasize their utility in 
elementary instruction. A few papers, as we have intimated, are 
combined literature reviews and teaching guides. 

It cannot be too strongly emphasized that these papers do not, 
for the most part, propose addenda to existing courses in general 
chemistry. Some addenda are no doubt desirable, but the pri- 
mary lesson to be learned from this symposium is the necessity 
for thoroughgoing revision of elementary courses. Concerning 
the extent of desirable substitutions and revisions there is room 
for honest differences of opinion. On one point, however, there 
can be no question. No conscientious teacher of general chem- 
istry can afford to remain ignorant of the content of these papers. 
If he finds nothing teachable in them—which seems incredible— 
they may at least serve as wholesome prophylactics by preventing 
him from teaching a great many things he ought not to teach. 

In the light of present-day knowledge there is little excuse for 
presenting the equilibrium, NaCl = Nat + CIl-, as representa- 
tive of a phenomenon accompanying the solution of sodium 
chloride in water, or for the statement that in tenth-normal solu- 
tion sodium chloride is eighty-five per cent. ionized. Lest anyone 
interpret this criticism as personal, we hasten to add that it ap- 
plies to the latest editions of too many standard textbooks on 
general chemistry to have any specific personal intent. Ex- 
amples of prevalent teachings in chemistry which simply aren’t 
so, or are less than half so, might be multiplied ad nauseam. 
Careful study of the symposium papers presented in this number 
and of others which will appear later, will suggest many desirable 
reforms to the interested reader. 

If the Cleveland symposium serves only as a prophylactic, we 
believe that it will have accomplished a great deal. Yet there is 


M wine IDEAS IN CHEMISTRY. In this number we 





much more to be gleaned from it by the eager searcher. Somie of 
the ‘‘principles’’ commonly taught in general chemistry may be 
regarded as first approximations and are now recognized as such. 
There are many teachers who will maintain that a first approxi- 
mation is sufficient for an elementary course—details can come 
later. The least we can do in intellectual honesty, however, is 
to label first approximations as such. Some of our commonly 
taught definitions are constructed in terms of special cases and 
do not in fact have general application to the phenomena which 
they pretend to define. A course in general chemistry which 
recognizes acids as such only in aqueous solution and which takes 
account of no base other than the hydroxyl ion is anomalous, to 
say the least. Others of our commonly taught definitions and 
generalizations must remain either extremely hazy or ludicrously 
clumsy or both when presented in terms of the older ideas. The 
average college textbook on general chemistry uses anywhere from 
a half-page to three pages in presenting inexact statements about 
elements without ever really defining them. It is doubtful if any 
of them ieave the average student with any clear idea of the sub- 
ject. An element may be defined in one sentence in terms of 
atomic numbers. If it be maintained that atomic numbers need 
explanation, what is to be said of ‘‘ordinary chemical means’’? 
As to the statement that an element can be neither analyzed nor 
synthesized—it simply isn’t so. 

The teacher and student are not the only ones who might 
benefit by more thorough acquaintance with modern ideas. In 
so far as these ideas contribute to a more general outlook on the 
science, a better correlation of existing data, and a more con- 
venient terminology and symbolism, they facilitate creative 
thought. No chemist, however specialized his vocation, can 
afford to ignore them. 
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PRIMITIVE 


SCIENCE, the 


BACKGROUND of EARLY 
CHEMISTRY and ALCHEMY’ 


TENNEY L. DAVIS 


Massachusetts Institute of Technology, Cambridge, Massachusetts 


ARLY chemistry and alchemy, like all the early of operation of man’s mind. To that extent it is funda- 
EK sciences, were erected upon the foundation of a mental and enduring—and it still survives. We are 
more general science, of a primitive all-including, prone to overlook its method, as we fail to be aware 
single, fundamental doctrine concerning the nature of of the procedure by which we perform habitual actions. 
the world as a whole and of the particular objects which Ancient elaborations of the doctrine approached the 


makeitup. This primitive science 
was not merely a doctrine of na- 
ture but also, and probably con- 
sciously so, a doctrine of the proc- 
ess of knowing—for the ancients 
were no better able than we are to 
distinguish the form from the con- 
tent of knowledge. Our present 
sciences retain many marks of their 
origin in the primitive science 
which existed before the various 
branches of knowledge were dis- 
tinguished from one another. The 
marks in question are not charac- 
teristic of chemistry or physics or 
medicine, and no more pertain 
uniquely to any particular science 
than does a general theory of 
knowledge. But an understanding 
of them is essential to an under- 
standing of the history of each of 
the special sciences. The doctrines 
to which the present paper is de- 
voted existed before chemistry 
and alchemy; they existed apart 
from them, and they later existed 
in combination with purely chemi- 
cal and alchemical doctrines. A 
clear recognition of the all-perva- 
siveness of primitive science—that 
the special sciences derived from 
it, not it from the special sciences 
—will help toward a clarification 
of the problems which relate to 
the origins of alchemy. 

The universal applicability of 
primitive science suggests, and 
probably proves, that it represents 
the spontaneous and natural mode 





*Read before the Division of His- 
tory of Chemistry at the 88th meeting 
of the American Chemical Society, at 
Cleveland, Ohio, September 10-14, 1934. 


fantastic but they attached them- 
selves to natural science and to 
religion; they long supplied a 
background for chemistry, and 
they still continue in many ways 
to influence the life of the present. 

When we undertake to think, 
we proceed on the principle that 
a given proposition is either true or 
false, that a given object is an x or 
a not-x. When we undertake to 
study a group of objects or facts or 
phenomena, our first step appears 
to be the separation in the mind 
of those members of the group . 
which possess a certain character 
from those members which don’t. 
The choice of the character by 
which one portion of the group 
differs from the other determines 
the quality and value of our scien- 
tific result. For the present dis- 
cussion, however, we are interested 
in the method. We separate the 
1s so from the 7s not so, the yes from 
the no, and by that means com- 
mence the creation of order. Chaos 
in the beginning was classified by 
the process of separating opposites, 
the day from the night, the light 
from the darkness, until at length 
the four ‘‘Aristotelean’’ elements, 
air, earth, fire, and water, ap- 
peared in their proper places, the 
fiery firmament, the waters under 
the earth, etc. Allowing for the 
fact that it is poetry, the first 
chapter of Genesis contains an 


; ‘ : epistemologically correct account 
Hermes Trismegistos, the Egyptian Thot, 


patron saint of the chemists, to whom we pay of the process by which the intel- 
homage when we speak of a vessel being her- ligence creates order out of the 
metically sealed. In his right hand he car- chaos of experience. 


ries the ankh, symbol of life from which the : : : 4 
cross as a symbol of life was derived. The earliest philosophies with 
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which we are acquainted teach that the universe is 
controlled by or consists of Two Contraries (two con- 
trary principles, forces, deities, or kinds of raw material 
for the production of substance) by the interaction of 
which all things in the world are produced. In Mesopo- 
tamia these were Baal or Bel, the Father God, the Sun, 
hot, active, light, the positive principle, and Astarte, 
Astaroth, or Ishtar (for whom the festival of Easter 
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FIGURE 2 


Considerable good sense went into the designing of the 
symbols of the Four Elements. Fire goes up, air goes up but 
is more substantial than fire, water goes down, and earth goes 
down and is more substantial than water. A comparison of 
the symbols of fire, sulfur, and phlogiston demonstrates the 
continuity of a single idea. Some early writers on chemistry 
treated the Seal of Solomon as a symbol of the unity of matter 
because it is made up out of the symbols of the Four Elements. 
Others regarded it as the symbol of Superlative Wisdom. The 
Three Contraries,* corresponding to Wisdom, were repre- 
sented by a single triangle within a circle, the three sides of the 
triangle representing, respectively, Knowledge, Will, and 
Power, and the circle representing the mediating Fourth, 
Intelligent Restraint. 


was originally celebrated), the Mother Goddess, the 
Moon, cold, passive, heavy, the material and negative 
principle. In Egypt the same were Osiris, the Sun, and 
Isis, the Moon. 

The Emerald Table of Hermes Trismegistos! is a 
sincere and sober exposition of the primitive doctrine, 
at once cosmogony and metaphysics. ‘That which is 
below is as that which is above, and that which is above 
is as that which is below, for accomplishing the miracles 
of a single thing. And as all things were from one, by 
the meditation of one, so all things were born from this 
one thing, by adaptation. The father of it is the Sun, 


* Concerning the Three Contraries see Ind. Eng. Chem., 20, 


772 (1928). 
1 See J. Cuem. Epuc., 3, 863-75 (1926). 
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the Mother of it the Moon. . So the world was 
created. Hence there will be marvelous adaptations of 
which this is the mode. And so I am called Hermes 
Trismegistos, having three parts of the philosophy of 
the whole world. It is complete what I have said 
concerning the operation of the Sun.” This is no 
document of chemistry or alchemy. The chemists took 
it over, read chemistry into it, and adopted Hermes as 
their patron saint. 

The Sun and Moon of the Emerald Table are not 
identical with the Sol and Luna, gold and silver, of the 
medieval Latins. They are, however, the same as the 
two principles, Sulfur and Mercury, of Zosimos, Geber, 
and the later alchemists and chemists. The identity 
appears to be fully established by a passage in the 
Tractatus de metallis et Alchimia?—‘‘We touch first on 
these points in a special discussion of the metals, what 
are the father and mother of the metals? as the al- 
chemists and Hermes Trismegistos say when they speak 
metaphorically. For sulfur is in effect the father and 
quicksilver in effect the mother.” 

Just as the Sun and Moon of the Emerald Table 
produce all things, so the Sulfur and Mercury principles 
give rise to minerals and metals. The chemical doc- 
trine is set forth clearly in the Speculum Alchemiae 
(Mirror of Alchemy) of Roger Bacon.* “It ought to 
be noted that the mineral principles in mines are 
Quicksilver and Sulfur. The complex metals and all 
other mineral substances, of which the varieties are 
many and diverse, are procreated from these. I say 
that Nature always sets before herself as an object the 
perfection of gold and strives for it. But various super- . 
vening accidents transform the metals, as is set forth 
plainly in many books of the philosophers. For pure 
and impure metals are generated according to the purity 
or impurity of the prime two, that is, of the Quicksilver 
and of the Sulfur.’’ Albertus Magnus, in the treatise 
de Alchemia,* states that ‘‘fetid earth” and ‘‘corrupt 
sulfur’ are the causes which prevent the formation of 
the perfect metal, gold, whenever the two principles 
enter into combination. 


It is to be noted that metals differ among themselves only in 
their accidental form, not in their essential, and that a spoliation 
of the accidents in metals is therefore possible. Hence it is 
possible by art to constitute a new substance, because all classes 
of metals are generated in the earth from Sulfur and Quicksilver 
combined, or are generated because of fetid earth. . . . Just so it 
is among the metals which are corrupted either from corrupt 
sulfur or from fetid earth. Hence this is the difference of all the 
metals which differ among themselves. When clean red Sulfur 
encounters Quicksilver in the earth, thence gold is generated in a 
short or in a long time by the assiduity or decoction of nature 

2 FRITZ PANETH, “Ueber eine alchemistische Handschrift des’14. 
Jahrhunderts und ihr Verhaltnis zu Albertus Magnus’ Buch ‘De 
Mineralibus,’”’ Arch. f. Geschichte d. Math., d. Naturwissenschaften 
u. ad. Technik, 12, 33 (1929). In the manuscript the passage 
reads, ‘‘Dicturi de metallis in speciali tangemus primo de hits, que 
sunt et pater et mater metallorum, ut dicunt metaphorice loquendo 
alchimiste et cimeginus Hermes. Sulphur enim est quasi pater et 
argentum vivum quasi mater.”’ But it seems reasonable to recog- 
nize cimeginus as a copyist’s error for Trismegistus. 

3 See J. CHEM. Epuc., 8, 1945-53 (1931). 

4 Theatrum Chemicum, 2, 488-9, Ursellis, 1602. 
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subservient to it. When indeed clean and white Sulfur en- 
counters Quicksilver in clean earth, thence silver is generated 
which differs from gold in this, that the Sulfur in gold was red and 
in silver it was white. When red, corrupt, and combustible Sul- 
fur encounters Quicksilver in the earth, thence copper is generated 
which does not differ from gold except in this, that in gold the 
Sulfur was not corrupt. When indeed white, corrupt, and com- 
bustible Sulfur encounters Quicksilver in the earth, thence tin is 
generated, and it is such that it creaks between the teeth and has 
rapid liquifaction because the Quicksilver was not well commixed 
with the Sulfur. When indeed white, corrupt, and combustible 
Sulfur encounters Quicksilver in fetid earth, thence iron is gener- 
ated. When black and corrupt Sulfur encounters Quicksilver, 
thence lead is generated, concerning which Aristotle says that 
lead is leprous gold. 


In an effort to improve the current doctrines of 
chemistry, Becher in the seventeenth century gave the 
name of terra pinquis (fat earth) to the fiery, positive 
principle. This was not a really important improve- 
ment, for the Arab writers, long before, had been ac- 
customed to speak of the fatty and oleaginous nature of 
combustible materials. Albertus Magnus and the 
Latin Geber in language practically identical had said 
that ‘Sulfur is pimguedo terre (fatness of the earth) 
thickened by temperate decoction in the mines of the 
earth until it is hardened and toughened; and when it is 
hardened it is called Sulfur.’’* Stahl’s great contribu- 
tion was the discovery, or more exactly the pointing 
out, of the fact that combustibility is transferable. As 
we would now say, the nfaterial which results from a 
reduction is itself capable of acting as a reducing agent. 
He gave the name of phlogiston to the ancient principle, 
using for the purpose a word which had appeared 
earlier in the chemical discussions of Boyle, Sennert, 
and Eglin. 

The doctrine of the Two Contraries made its appear- 
ance in Chinese thought about the third century B.c., 
at the time when alchemy arose, and, like alchemy, it 
attached itself to Taoism. It appeared full-fledged, 
already developed and elaborated, carrying magical and 
fantastic connotations. The similarity of the Chinese 
doctrine to the earlier doctrines current in Mesopo- 
tamia and Egypt, a matter which we propose to discuss 
at greater length elsewhere, suggests strongly that the 
Chinese doctrine derived from these earlier ones. But 
it does not at all indicate that Chinese alchemy likewise 
derived from earlier non-Chinese sources. 

Chinese science is erected upon the fundamental 





* ALBERTUS MAGNus in the de Alchimia (loc. cit., p. 496) says— 
Sulphur vero pinguedo terre est in minera terre per temperatam 
decoctionem inspissata, quousque induretur, & fiat spissa: & cum 
indurata fuerit, vocatur sulphur. GEBER (Alchemie Gebri Arabis, 
etc., Berne, 1545, p. 47) has it—Dicimus igitur quod Sulphur est 
pinguedo terre, etc., sicca instead of spissa, otherwise the same. 

{t RoBert Boy e in The Sceptical Chymist (1st ed., London, 
1661, p. 309; Everyman’s ed., New York, n.d., p. 167) quoted a 
passage from Daniel Sennert which contained the word. RAPHAEL 
EGLIN (1559-1622), who wrote under the pseudonym of Hapelius, 
published a Nova disquisitio de Helia Artista Theophrasteo: in qua 
de metallorum transformatione adversus Hagelii et Pererit Jesuit- 
arum opiniones evidenter et solide disseritur, Marburg, 1606, in 
which he says that ‘‘ro ¢\oy.orov is something proper to all Sulfur, 
the essence of that Sulfur which is ingrafted in‘all things.” See 
Annals of Medical History, 6, 280-7 (1924); J. Soc. Chem. Ind., 44, 
725-7 (1925). 
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concepts of Wu-hsing (the Five Elements) and Yin- 
Yang (the Two Contraries). While the latter concept 
seems to have been an importation, the former seems to 
have been indigenous and very much earlier.© The 
Wu-hsing were at first genuine scientific categories for 
the description of natural things; they were free from 
magical relationships. The Hung Fan (Great Plan) 
chapter (twelfth century, B.c.) of the Shu Ching (Book 
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FIGURE 3 


Cross of Contraries from The New Pearl of Great Price by 
Peter Bonus of Ferrara, English Translation by Waite, Lon- 
don, 1894. 


of Historical Documents) says—‘‘In the olden days, so I 
heard, in the time of Kun, a deluge overran the King- 
dom putting Wu-hsing at nought. Wu-hsing (the 
quintet): first, water; second, fire; third, wood; 
fourth, gold (or metal); and fifth, earth. Water is that 
which soaks and descends; fire that which blazes and 





5 Isis, 18, 216 ff. (1932). 
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ascends; wood that which is straight and crooked; 
gold (or metal) that which obeys and changes; and 
earth that which is used for seed-sowing and harvest. 
That which soaks and descends becomes salt; that 
which blazes and ascends becomes bitter; that which is 
crooked and straight becomes sour; that which obeys 

















FIGURE 4 


Cross of Contraries from Raymund Lull’s Practica 
super Lapide Philosophico, Colonie Agrippine, 1564. 
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FIGURE 5 


This exceptionally fine Cross of Contraries faces the 
title-page of Leibnitz’ first book, published when he 
was twenty-one years old, Dissertatio de Arte Combina- 
toria, Lipsiz, 1666. 


and changes becomes acrid; and from seed-sowing and 
harvest come sweetness.” 

When the Yin-Yang doctrine became prevalent, the 
Wu-hsing assumed magical connotations and relation- 
ships. From the third century B.c., the Two and the 
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Five have dominated Chinese thought and life in in- 
numerable ways. 

In the writings of the Taoists and alchemists the 
notion of Yin-Yang appears as a fundamental cosmo- 
logical concept. It was supposed that the primal 
matter, /’ai-chi, in its gyrations gradually separated 
into two parts, the ang-z or regulating powers which 
together constituted the soul of the universe. The 
heavy and gross part, Yin, settled and formed the 
earth, while the fine and light part, Yang, remained 
suspended and formed the heavens. Yin was the 
female principle, negative, heavy, earthy, and dry, 
typifying in general the more undesirable aspects of 
nature such as cold, darkness, weakness, and death. 
Yang was the positive, male principle, desirable, active, 
fiery, possessive of qualities directly opposed to those 
of Yin. From the interaction of the two, all things in 
the universe were created and controlled in their various 
manifestations. 

Yang was identified with the Sun and Yin with the 
Moon. Their interaction produced the five elements, 
each identified with a planet, which make up the ma- 
terial world. Each element by combination with 
Yang, that is, the element endowed with positive quali- 
ties, differed from the same element combined with 
Yin and endowed with negative qualities. Many of 
the occult relationships of Yin and Yang and of the 
Wu-hsing have been tabulated by Giles,® in part as 
follows. 


CorRRESPONDING CoMBINATION OF ELEMENT 


ELEMENT PLANET with Yang with Yin 
Wood Jupiter Fire Bamboo 
Fire Mars Burning wood Lamp flame 
Earth Saturn Hill Plain 
Metal Venus Weapon Kettle 
Water Mercury Wave Brook 


The identification of the seven heavenly bodies with 
Yang, Yin, and the five elements is different from the 
identification, prevalent in Greco-Roman antiquity 
and in later Europe, of the same seven with the seven 
metals. The Chinese idea that the prime two produced 
five others seems however to be similar to the Egyptian 
opinion, as is evident from a passage in the writings of 
the historian Diodorus of Sicily.’ 


They say that these gods (Osiris and Isis) in their natures do 
contribute much to the generation of all things, the one being of 
hot and active nature, the other moist and cold, but both having 
something of the air, and that by these all things are brought 
forth, and nourished, and therefore that every particular being 
in the universe is perfected and completed by the Sun and Moon 
whose qualities as before are five; a spirit of quickening efficacy, 
heat or fire, dryness or earth, moisture or water, and air, of which 
the world does consist as a man is made up of head, hands, feet 
and other parts. These five they reputed for gods; and the 
people of Egypt, who were the first that spoke articulately, gave 
names proper to their several natures according to the language 
they then spoke. 





6 HERBERT A. GILES, A Chinese English Dictionary, 2nd ed., 
London, 1912, Part I, pp. 28-9. 

7 Drioporus SicuLus, Historical Library, Book I, Chapter I, 
trans. Booth. Passage quoted by Stillman, The Story of Early 
Chemistry, p. 130, New York and London, 1924. 
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This makes seven gods altogether, seven principal 
deities in Egypt as there were seven in Greece and 
Rome. 

While the distinction of opposites provides a uni- 
versal basis for classification, it is also true, as ancient 
thinkers very well knew, that it corresponds only to the 
beginning of understanding. It enables us to designate 
and name our data, but it gives us no feeling of ease and 
assurance, no feeling that we know about them. It is 
necessary to bring them together again. For every 
pair of opposite terms, there is a third which includes 
and mediates between them as the idea of temperature 
mediates between hot and cold. With the comprehen- 
sion of the third, we have a real grasp of the opposites; 
we can handle together the things which we have sepa- 
rated, we know around and about them and have 
understanding. 

One-two-three: positive-negative-neutral. This is 
the frame upon which must be stretched whatever it is 
that we wish to understand, and this is the frame upon 
which from time immemorial the mind of man has 
stretched it. It is the mode of all knowing. If we wish 
to know a man, we must consider him as active subject 
(What does he think of himself?), as passive object 
(What do his fellows think of him?), and thirdly, the 
man as he really is. The philosophy of Hegel is but a 
reiterated insistence upon the three—the Thing, its 
Own Other, and the Thing-in-Itself. If we wish to 
think of God, we are obliged to think of Him as Active 
Power, as passive object, that is, as that which pos- 
sesses passivity and undergoes the Passion, and thirdly 
as the Spirit which determines and terminates the 
action, the Soul, the Body, and the Spirit. 

The early chemists were apparently contented, as 
we have seen, to regard matter itself as the third term 
by which the Two Contraries were included and medi- 
ated. The Sulfur and Mercury principles interacted or 
combined to produce the various forms of matter. 
Paracelsus considered another entity to be necessary 
and introduced the notion of the Salt principle. Fol- 
lowing him, the alchemists were accustomed to associate 
the three Hypostatical Principles, Salt, Sulfur, and 
Mercury, with the three parts of the Christian Trinity. 
Like the theologians, they recognized that the three 
were interdependent. It does not matter which two 
are taken as the positive and the negative, the third 
follows in any case. In one of the accompanying dia- 
grams from the Catholicon Physicorum of Samuel 
Norton it is Body and Soul which are positive and 
negative, in the other it is Body and Spirit; in the 
diagram from Basil Valentine it is Soul and Spirit. 

Greek observers of nature discovered that the posi- 
tive qualities of the various kinds of matter could be 
divided into positive qualities of two kinds, that the 
negative qualities could be divided profitably in the 
same manner, and accordingly had two positive and 
two negative qualities, or two pairs of contraries, for the 
description of material objects. Combination be- 
tween contraries was impossible, hot could not combine 
with cold, nor wet with dry. Where combinations were 
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possible, the bundles of qualities which resulted were 
elements, and such elements for many centuries were 
found to be adequate for the description of natural 
objects. The qualities, hot and dry, were embodied by 
the element, fire; their opposites, cold and wet, were 
embodied by water which was the opposite of fire. 








FIGuRE 6 


Frontispiece of Introitus A pértus ad Occlusum Regis 
Palatium (Open Entrance to the Shut Palace of the 
King) by Eirenzeus Philalethes, Frankfurt-on-Main, 
1706. The work was actually written by George 
Starkey who graduated from Harvard College in 
1646. Note the Seal of Solomon (Sigillum Sapientum 
or Seal of the Wise), the Ouroboros or serpent with its 
tail in its mouth representing the unity of matter, the 
symbols of the seven metals, and the names of the 
Two Contraries and the Four Elements. 


Earth was cold and dry, while its opposite, air, was 
warm and moist. The Aristotelean doctrine thus 
taught two pairs of contrary qualities and two pairs of 
contrary elements, a teaching which submitted to very 
pretty geometrical representation, as the “crosses of 
contraries” in early works on science abundantly 
testify. Just as a single pair of contraries has a third, 
so the two pairs, the four terms, have a corresponding 
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FIGURE 7 


Symbolic alchemical diagram from the Catholicon Physi- 
corum of Samuel Norton of Bristol, Frankfurt, 1630. Note 
the use of the ideas of three and seven, the seven operations 
of alchemy and the Triad, positive Soul (anima), negative 
Body (corpus), and mediating Third, the Philosopher’s 
Stone. 


fifth. Aristotle considered the fifth element to be the 
ether, the Neo-Platonists called the fifth term Logos 
(the Word, God, or Reason), and the media:val scho- 
lastics called it quinta essentia, fifth being or quintes- 
sence, and sometimes confused it with the Philosopher’s 
Stone. 

The Greek notion of the four elements and the medi- 
ating Fifth is thus seen to be a variation of the earlier 
notion of the Two Contraries and the mediating Third. 
While the influence of Aristotle lasted, it endured— 
parallel with the simpler and more fundamental notion 
which has survived it. 

Whoever understands one-two has begun to assemble 
his information. Whoever understands one-two-three 
knows the structure of knowledge. These truths are 
simple and old, very old, so old indeed that mankind 
has largely forgotten them, so simple that we follow the 
procedure instinctively without giving heed to the 
process. They are so deeply imbedded in the mind of 
the race, so firmly fixed below the ordinary surface of 
consciousness, that they are hidden or occult. They 
are the beginning of occult science, in particular of that 
occult number theory which has been named after 
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Pythagoras but which actually is as old or older than 
recorded history. 

If one-two-three represents knowing, then we may 
know about knowing by treating this one-two-three in 
the same way that for purposes of ordinary knowing we 
treat the single datum. So, it seems, the ancient 
thinkers must have reasoned. Just as for a single term 
which may be regarded as positive, there is a corre- 
sponding negative, and for the two. there is a neutral 
third; so for this single triad there is a second and a 
third, and the three triads represent knowledge about 
knowing, thus— 


PosiTIvE NEGATIVE NEUTRAL 
First or Positive Series 1 2 3 
Second or Negative Series 4 5 6 
Third or Neutral Series 7 8 9 


The number seven here occupies the significant posi- 
tion of the first member of the third or mediating series. 
Whoever understands seven is on his way to knowledge 
about knowing. Whoever understands nine has at- 
tained it. The numbers three, seven, and nine are 
therefore particularly important in all human affairs. 
Since a knowledge of knowing is all that man can wish 
or hope for, and since nine represents it, ten stands for 
something beyond the reach of human endeavor. Ten 























FIGuRE 8 


Another diagram from the Catholicon Physicorum. 
Note the seven colors, the motto, ‘‘In the Trinity is made 
the Unity of the Medicine,’ and the Triad, Body, Spirit, 
and Soul, the Body being Glue of the Eagle or Mercury, 
the Spirit the Red Lion or Sulfur, and the Soul the Physical 
and Alchemical Tincture. 
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is the divine number, the number of the Command- 
ments of God which Moses brought from the mountain, 
the number of the Orders of the Blessed in the Kabbala. 

The years of a man’s life are traditionally set at three- 
score years and ten (7 X 10). The first seven years are 
his childhood, the second seven his boyhood, and the 
third seven his youth or young manhood. When he has 
lived for twenty-one years (3 X 7), he attains his 
majority and becomes aman. ‘The forty-ninth year of 
his age (7 X 7) is the time of the ‘‘lesser climacteric,”’ 
a critical period in his life. And the sixty-third year 
(7 X 9) is the “grand climacteric,” a very dangerous 
time. If he survives it, he will live out all the years 
which have been allotted to him. 

We have seven days in the week, though it is apparent 
that the number is arbitrary and a matter of tradition. 
On the seventh day God rested from his labors and 
found them good. There are seven heavens in the 
Mohammedan cosmogony. The ancients had seven 
deities who presided over the seven heavenly bodies 
and the seven gates of Babylon. The Greeks and 
Romans were acquainted with seven metals, each of 
which was under the influence of a heavenly body and 
the patronage of a deity. They used the same names 
and the same symbols for all three. 

Gold, the perfect metal, was sacred to the Sun, Sol, 
the Father God of the most ancient religions. The fire- 
worshipping Phoenicians, Druids, and Incas regarded it 
as sacred. The Sun has given its name to the first day 
of the week, Sunday, Sonntag, dimache (dies dominica), 
the Lord’s day. 

Silver was sacred to the Moon, Luna, the Mother 
Goddess of the very old religions, Diana of the Romans, 
It corresponds to the second day of the week, Monday, 
Montag, lundi (lune dies), the day of the Moon. 
Fused silver nitrate is still sold at the pharmacies under 
the name of “lunar caustic.’’ The silver tree which is 
produced when a strip of copper is hung in a solution of 
silver nitrate was until recently pictured in the chemis- 
try books as arbor Diane or tree of Diana. 

Iron was sacred to Mars, the god of war, who has 
given his name to the third day of the week, mardi 
(martis dies) in French, Tuesday (Tiwes daeg) in English 
from 7Tiw, the Anglo-Saxon counterpart of Mars. The 
chemists of two centuries ago called hydrated ferrous 
sulfate ‘‘martial vitriol.” When it was distilled at a 
strong fire, it yielded “‘martial ochre” or rouge. 

The god, the planet, and the metal, Mercury, have 
given their name to the fourth day of the week, mercredi 
(mercurtt dies) in French, Wednesday in English after 
Woden, chief of the gods and patron of wisdom, poetry, 
and eloquence in the Norse mythology. 

Tin, the brightest of the metals, was sacred to Jupiter 
or Jove, hurler of thunderbolts. A rod of tin makes a 
crackling noise when it is bent. Thursday, in French 
jeudi (jovis dies), gets its name in the north-European 
languages from Thor, the Scandinavian god of the 
lightning. When he swung the short-handled hammer 
which the dwarfs had made for him, the thunder rolled; 











FIGURE 9 


Title-page of Lumen Novum Phosphoris Accensum 
by Joanne Henr. Cohausen, Amsterdam, 1717. The 
seven metals are represented by seven persons. 
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Table showing the relation between the seven 
planets, the seven metals, and the seven days of 
the week, reproduced from La Royale Chymie 
of Oswald Croll, Lyon, 1624, where the table is 
printed at the end of the Traicté des Signatures. 
The Latin edition, Basilica Chymica, Geneva, 
1624, contains a similar table which, however, 
omits the names of the days of the week. 
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when he threw it, the object of his aim was struck by a 
thunderbolt. 

Copper was sacred to Venus, goddess of love, who has 
given her name to the sixth day of the week, vendredi 
(veneris dies) in French, Friday in English, and Freitag 
in German from Frigg, wife of Woden. Until the time 
of Lavoisier, hydrated copper sulfate was known to 
chemists by the name of ‘‘venereal vitriol.”’ 

Lead, the dull metal, was under the influence of the 
dull planet, Saturn, and sacred to the god who has given 
his name to Saturday, the last day of the week. A 
saturnine person is one who is dull, heavy, gloomy, and 
possesses the nature of lead. In the time of Robert 
Boyle lead acetate, because of its sweet taste, was 
known as saccharum saturni or sugar of Saturn. 

The numbers, three and seven, were especially 
interesting to the chemists. The discovery of the 
truths which have given an occult significance to three 





OV LE MOYEN DE FAIRE 
FOr caché des Philofophes, 
02. De Frere BafileValeniin. 
i Stara igése auginenté par Mr, Leagneau Medecias 











4 A PARIS. 
Chez Preanne Moen, Librcireluré, prochele © 
PonsS. Michela l image S. Alexis. 


Me DO LER 














FIGuRE 11 


Title-page of a work by Brother Basil Valentine 
(probably written originally in German by Johann 
Thélde of Hesse). The seven-branched tree, each 
branch carrying the symbol of one of the seven metals, 
rises up out of the three Hypostatical Principles, Sulfur, 
Mercury, and Salt. Salt is symbolized by a small square. 
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FIGURE 12 
This symbolic picture from the Azoth of Basil Valentine, 


Paris, 1659, has many features of interest. The seven- 
pointed star carries the symbols of the seven metals, at its 
center a triangle within a circle, representing Wisdom, the 
face no doubt representing Intelligence. The Two Con- 
traries are represented by the Soul (anima) symbolized by 
the Sun, a picture of a man below it, a king, and by the 
Spirit (spiritus) symbolized by the Moon, a picture of a 
woman below it, a queen. The Sun and Moon of the tri- 
angle are the Positive and Negative Principles, while the 
Sun and Moon of the seven-pointed star are gold and silver. 
The Third term, Body (corpus), is represented by the 
symbol of Salt, in this case a cube. The initial letters of 
the words printed around the circumference of the circle spell 
the word VITRIOL. 


was a discovery of the utmost philosophic importance. 
If its development in seven, nine, ten, etc., seems fan- 
tastic, it nevertheless played a considerable part in the 
intellectual history of man. Fundamental truths 
circulate better if they are decorated with gratuitous 
elaboration, and the elaborations have sometimes car- 
ried greater weight than the truths whose circulation 
they were designed to promote. 

It would be interesting to discuss other consequences 
of the ancient doctrine, pre-Christian Trinities for 
example, and the four humors and four temperaments 
of the Galenic medicine, but these matters fall beyond 
the scope of the present paper. The examples which 
have been considered are sufficient to make clear the 
persistent continuity of the doctrine of the Two Con- 
traries, of that uninterrupted stream of thought which 
arose in the darkness before known history, which 
flowed around, through, and past the glory of Greek 
philosophy, which has supplied the occult background 
of science and in many ways still influences the daily 
language and actions of all of us. 











The NEED of MODERNIZING 
the GENERAL COURSE’ 


ERNEST A. WILDMAN 


Earlham College, Richmond, Indiana 


Why modernize? Because chemistry is a science as 
well as a practical art. Because theory has a large place 
in a science. Because the theoretical aspect of chemistry 
is changing rapidly. 

The modern theories concerning atomic structure and 
valence, ionization, and acids, bases, and salts are comple- 
mentary to each other. The advantage in teaching that 
may be derived from considering them as the framework 
for the course is discussed and illustrated. Implied 
changes in terminology are mentioned. The errors in 
several of the older concepts are referred to and the more 
satisfactory picture of the science presented by the newer 
ones is emphasized. Particularly important 1s the use 
of new ideas in explaining the oxidation-reduction re- 
action, complex-ion formation, hydrolysis, the function of 
hydrated ions. The Aston method of atomic weight 


determination is recommended. 

A question, ‘““Why modernize?” The answer has 
two aspects: first, the general values in doing so; 

second, the reasons that grow out of the progress of 

our knowledge of the subject. 

The first set of reasons is implied by the fact that we 
are teaching a science, a subject that develops because 
of the interaction of several kinds of activity, such as 
induction, deduction, speculation, and experiment. 
The collection of data followed by the formulation of 
generalizations and the testing of them by experiment 
has perhaps sometimes been given too much weight as 
the essence of the scientific method. Certainly logical 
deduction and the speculative use of the imagination 
have been at least equally important. The last has 
given us our theories, without which we st “ld have a 
practical art only, not a science. In a very real sense 
science is the making of theories. We cannot, there- 
fore, teach chemistry truthfully without including 
them as the most important part of the course. The 
teacher who would confine himself to factual laboratory 
observation is turning his back upon such processes as 
those that gave us the atomic theory, the structure 
theory of organic chemistry, the theories of atomic 
‘structure, valence, etc. 

We come, then, in the second place, to the fact that 
the theories of chemistry are changing rapidly. In 


++ ooo + 
T THE outset we may attempt to answer the 





* Presented as a contribution to the Symposium on Moderniz- 
ing the Course in General Chemistry of the Division of Chemical 
Education at the 88th meeting of the A. C. S. , Cleveland, Ohio, 
September 10-14, 1934, and subsequently revised. 
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consequence, our course must change equally as rapidly. 
This means more than metely including new data and 
concepts. Recent progress has been sufficiently com- 
prehensive in implication to require a fundamental 
revision. 

Several of the subjects that are to be considered in 
this symposium may be grouped for the convenience of 
the present purpose into three main divisions: first, 
Atomic Structure and Valence; second, Ions; third, 
Acids, Bases, and Salts. These overlap each other, to 
be sure, and the consideration of any one topic can- 
not be complete without dealing with them all. It 
shall be my purpose to stress this fact. Instances may 
be found not infrequently in which chemists have been 
led astray in the appraisal of one of the modern theories 
because of not taking another into account. For 
instance, the existence of molecular HCl in water solu- 
tions is not evidence against the theory of complete 
ionization of strong electrolytes. It would seem to be 
so only when one adheres to the older theory of acids: 
namely, that they ionize into free hydrogen ions or 
protonsandananion. Inthe new theory the number of 
ions in solution is limited by the extent to which the 
reversible equation: 


HX + H.0 = H;0* + X~- 


is displaced to the right, and this displacement is a 
function of concentration. The completely ionized 
strong electrolyte is not HCl, but the product of this 
reaction, oxonium chloride. 

It is this overlapping and intermeshing of our sub- 
ject matter that, in my opinion, makes necessary a 
complete and fundamental change in our approach to 
the general chemistry course. And my part in this 
symposium, as I conceive it, is to attempt to point out 
in a synthetic manner how these several conceptions 
may be welded into a reasonably consistent structure 
that affords the student a much more satisfactory 
picture of our science than he has obtained previously. 
It is unthinkable that we should continue to make so- 
called revisions by attaching brief descriptions of 
modern concepts to the framework of the old course. 
That way lies confusion. 

I anticipate that our efforts in this symposium to at- 
tain a well-balanced view of the general course may 
even have some effect upon the structure of the science 
of chemistry itself—may succeed in pointing out 
valuable implications to those whose research has been 
confined to specific parts of the subject. 
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The remarks that follow do not contain a well- 
rounded description of the topics mentioned above 
since that service will be rendered by other speakers 
more adequately than I could possibly perform it, and 
I shall try not to-infringe unduly upon their domain. 
But certain phases of their subjects I want to refer to 
in the interest of clearing the way for the extensive 
use of the new concepts in the general course. 


ATOMIC STRUCTURE AND VALENCE 


The three most significant accomplishments in the 
development of chemistry are the atomic theory, the 
periodic law and classification, and the elucidation of 
atomic structure and valence in so far as the latter has 
been accomplished. The last give more meaning to 
the periodic law than the nineteenth-century chemists 
ever dreamed of. None of us would think for a moment 
of attempting to teach chemistry without a periodic 
chart. It is now equally futile to attempt it without 
correlating the properties of the elements with their 
electronic structures. Of course, I do not mean that 
we should inflict the mathematics of quantum mechan- 
ics upon our students. Mathematics is a concise 
language, and most of us, teachers as well as students, 
will never become expert in its use. But we can teach 
in the language with which we are familiar the pictures 
that come as near as is reasonably possible to cor- 
responding with the mathematical expressions. There 
is ample evidence that such pictures are to be regarded 
as extremely valuable in spite of their non-mathe- 
matical character. One has only to remember, for 
illustration, the extraordinary science of organic chem- 
istry. In sixty years organic chemists have by the 
use of pictures and models of molecules constructed 
a science that in completeness and consistency is 
rivaled by the science of numbers alone (1). May we 
now mention briefly some of the topics related to 
atomic structure which are important as part of the 
general course. More detailed and specific treatment 
of them will be presented by later speakers. 

The Constituents of Atoms. We are no longer able 
to teach that atoms are composed of protons and elec- 
trons, the total numbers of each being the same as the 
number of units in the atomic mass (2). These ap- 
pear to be two of the constituents; but neutrons, 
positrons, and deutons have also been obtained from 
atomic nuclei recently, and neutrons of mass 2, neu- 
trinos, and negative protons have been suggested. We 
have heretofore omitted, usually, the alpha particles 
in listing atomic constituents because we assumed that 
they were ultimately composed of protons and electrons, 
but they may instead contain only neutrons and 
positrons. The proton and the deuton may turn out 
to be complex, being positron-neutron combinations, 
the neutron being a non-electrical unit of mass. On 
the other hand the neutron may be a complex result- 
ing from a union of a proton with anelectron. Evidence 


for this view (3) as well as against it (4) has been sub- 
mitted recently. 
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It seems that during the last few years we have 
over-simplified unjustifiably the question of the ulti- 
mate constitution of matter and that we should now be 
more cautious. Our time-honored method of explain- 
ing the difference between the isotopes of an element: 
that is, by a variation in the number of protons and 
electrons in the nucleus, appears to be obsolete. We 
may now do this less definitely, but perhaps more 
truthfully, by stating that the principal difference ap- 
pears to be due to the different numbers of mass units 
(perhaps neutrons) in the respective nuclei. At the 
same time we must remember that the radioactive 
atoms, at least, and probably others seem to have 
nuclear electrons. In consequence, a small part of 
the mass differences may be caused by variations in 
the numbers of electron-positron pairs. 

The discovery of deuterium and tritium and the 
probability that they differ somewhat in chemical 
properties from protium indicates need of caution in 
stating that the chemical properties of the isotopes of 
an element are identical. 

Anderson (5) suggested in his article describing the 
discovery of the positron or positive electron that the 
familiar negative electron be called the ‘‘negatron.” 
This. name has the advantage of being logically de- 
scriptive of the most important property of the unit. 
Its general adoption is recommended for the sake of 
making the chemistry course as consistent as possible. 
This benefit to the student and to our science as well is 
adequate reason for those of us who have become famil- 
iar with the older usage to discipline ourselves sufficiently 
to make the change. I have tested myself in my own 
classes and I have found that it is possible. Further- 
more, the members of my general chemistry class were 
unanimously in favor of using ‘‘negatron’”’ at the end 
of the past year after they had used it for the first 
semester and ‘electron’ during the second. Ninety 
per cent. of the class had previously been familiar with 
“electron.” If I may be permitted, I shall use “‘nega- 
tron”’ in the remainder of this paper. 

Valence. The negatron theory of valence and the 
X-ray analysis of crystals promise to place inorganic 
chemistry upon as systematic a basis as the structure 
theory has placed organic chemistry. The chief reason 
for using the negatron theory is that as an extension of 
the periodic chart based on atomic structure it serves 
beautifully to elucidate the chemical properties of the 
elements. The subject thus becomes more of a science 
and less a craft. The value of the theory is much en- 
hanced by the increasing importance of the theory of 
complete ionization of strong electrolytes and by its 
need for the interpretation of the knowledge now avail- 
able to us because of X-ray crystal analysis. 

The difference between electrovalence or ionic 
valence and covalence, which is a reasonably sharp 
distinction in most compounds (6), should be known 
as familiarly by our students as the names of the com- 
mon elements. These terms are preferable to those 
formerly in use; ‘‘polar’’ and ‘‘non-polar,’’ ‘‘hetero- 
polar’ and “‘homopolar,” on account of the fact that 
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usage has determined that ‘‘polar” shall be applied 
to molecules of substances that have an electric moment. 
The latter use is the more rational. The word “polar” 
does not apply properly to the relationship between two 
separate units such as the sodium ion and the chloride 
ion unless we are dealing with sodium chloride vapor, 
which is probably not ionic. Thus the theory of com- 
plete ionization requires that we abandon the term 
“polar” with respect to the valence force between 
ions. 

The generous use of the Lewis negatronic formulas 
is, of course, desirable in representing the mechanisms 
of reactions. The most important type of reaction in 
chemistry is oxidation-reduction. Direct union, de- 
composition, displacement, and substitution all come 
under this head. (Double decomposition is not a re- 
action but a misconception.) The oxidation-reduction 
reaction is particularly well explained by the use of the 
negatron theory of valence. We have become familiar 
with the explanation of oxidation as denegatronation 
and of reduction as negatronation. When accompanied 
by models and negatronic formulas the change in the 
case of elementary atoms and simple ions is much more 
readily understood than it was when represented by 
the methods in use twenty years ago. 

We can go much farther at present and give a reason- 
ably satisfactory explanation of the change with respect 
to covalent compounds. This involves the displace- 
ment of the bonding negatrons away from the nucleus 
of the atom oxidized and toward that of the atom re- 
duced. The possibility of this occurrence was sug- 
gested by Lewis in his monograph on valence (7) even 
before the activity in measuring dipole moments dur- 
ing the last few years gave it an experimental basis. 
The phenomenon has been called ‘‘partial polarity” 
by Kharasch (8). This term is unsuitable for the same 
reason that was mentioned earlier in this paper in the 
instance of “‘polar.” I suggest that we refer to it as 
“polar covalence,’’ since it is the kind of covalence that 
occurs in polar molecules. Frequently there are in- 
volved also the so-called ‘‘semi-polar’”’ bonds which 
have been better named “‘semi-ionic’’ bonds by Noyes 
(9), but the latter are not an essential part of the polar 
covalence scheme. The apparently arbitrary matter 
of regarding the displacement of bonding negatrons 
in a covalent link in the same way as we regard their 
complete transfer in forming an ionic compound is not 
serious because the former may involve as much or 
more energy as the latter. Compare the heats of 
formation per equivalent of the ionic compounds silver 
bromide (23.84 Cal.) and potassium hydride (14.1 

-Cal.) with that of the covalent carbon dioxide (23.6 
Cal.), a comparison that indicates that the formation 
of the covalent bond may involve as much or more 
energy than an ionic bond. 

For illustration we shall choose the change of hypo- 
chlorous acid to chlorate ion: 


H :O*Ck + 2H :0: Ci: + 3H :0:.—> 
H 
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me i + 
70% Cl :0: + 2 :C1X +3H:0:H 
aes H 


The formulas show clearly the state of valence of all 
the reacting substances and why such an equation may 
be balanced by the older method of calculating positive 
and negative valences, a simpler method, to be sure, 
but one that in itself needs an explanation in terms of 
negatrons. The formulas with ear-marked negatrons 
(x) show how the chlorine atoms in two hypochlorous 
acid molecules take four negatrons from the chlorine 
atom of the third hypochlorous acid molecule leaving 
in their stead four negatrons that are displaced toward 
the oxygen nuclei, thus increasing the state of oxida- 
tion of the latter chlorine atom from +1 to +5. At 
the same time these two chlorine atoms acquire com- 
plete possession of two negatrons each instead of the 
two that they had in effect lost in their polar covalences, 
thus being reduced from a valence of +1 each to 
—1l each. The oxygen atoms remain in the same state 
throughout the change. The chlorine in the chlorate 
ion is obviously incompletely oxidized and the formula 
predicts the possibility of oxidizing it further to per- 
chlorate ion. 

The fact that two of the oxygen atoms in the chlorate 
ion are attached by semi-ionic bonds is not essential 
to this scheme but is of interest in studying the struc- 
ture of that ion itself. The value of the concept of 
polar covalence is obvious. The writer has convinced 
himself by using it in his own classes that it is not too 
involved for general chemistry students. Instead it 
gives more meaning to the great variety of chemical 
changes. It is frankly a picture method and it must be 
used with the same discretion that necessarily applies 
to all pictures. But it seems to be just as good for its 
purpose as are the structural formulas of organic 
chemistry for theirs. 

One question upon which this method seems to throw 
some light, namely, the mechanism of bleaching with 
chlorine, may be mentioned. It has frequently been 
said that the necessity of moisture for bleaching to 
occur indicates that nascent oxygen is the active 
agent. We cannot say that the latter has nothing to 
do with the reaction but certainly this equation leads 
us to suspect that the active agent is chlorine, probably 
that in hypochlorous acid. 


IONS 


A year and one-half ago Professor Scatchard (10) 
read a paper before the Washington meeting of the 
American Chemical Society on “The Coming of Age 
of the Interionic Attraction Theory.’’ He and other 
speakers at that symposium on ‘‘Electrolytes’’ pointed 
out that as time has elapsed the theory has come nearer 
and nearer to accounting satisfactorily for the behavior 
of strong electrolytes and that future work will prob- 
ably verify the main lines that have already been laid 
out. Consequently, as the writer pointed out to this 
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division three years ago (11), we should discard the old 
method of writing molecular formulas in our equations 
for the reactions of strong electrolytes in solution. Also 
in error is the custom of writing an equation to show the 
ionization of such a substance when it is dissolved, 
for the substance does not ionize at the time of dis- 
solving. Its crystals are composed of ions which pre- 
sumably dissolve individually. If it should be demon- 
strated that molecules are present in solution to the 
extent of a very small percentage of the total substance, 
a thing that has never been done, then we should re- 
gard them as secondary products formed by the union 
of ions after solution has taken place. Since sodium 
chloride vapor, for example, seems to be molecular, it 
appears possible that molecules may be formed in 
solution also, but the effect of the solvent would limit 
their formation very greatly. Furthermore these 
molecules, if present, are unimportant from a chemical 
standpoint. They would be like the bayous along a 
river—separated from the main stream in which events 
occur. In the same category with these misconcep- 
tions belongs the old ‘double decomposition’ or 
‘‘metathesis” reaction. It has no place in the present 
scheme for reasons that are obvious, not even in cases 
of weak electrolytes (12). 

To soften our criticism of the error of the past we may 
recall that Arrhenius lived in a molecular era. His 
theory of ionization followed less than thirty years 
after Cannizzaro had pointed out the importance of 
molecular weights in determining atomic weights, and 
only nine years after Victor Meyer devised his vapor 
density method. 

There is another misconception regarding ions that 
may be mentioned particularly. A number of years 
ago I was shocked to find that metallic silver dissolves 
readily in warm concentrated hydriodic acid andgives 
hydrogen gas as one product. It seems to be a fact 
that has been known for a long time but has been 
ostracized because it did not fit with the usual teach- 
ing of the potential series of metals. In fact, both 
silver and copper dissolve in any of the hydrohalogen 
acids with the evolution of hydrogen. The reason is 
that the metallic ions unite so completely with halide 
ions to form complex ions such as AgI,~ and Cul,.~ 
that the concentration of metallic cations is diminished 
sufficiently so that the equilibrium in the equation: 


2Ag + 2H;0* = 2Ag* + Hz + 2H20 


is displaced toward the right rather than toward the 
left, as is the case in the normal solutions of the cations 
upon which the potential series is based. 

In fact, it is a reasonable interpretation that many, 
if not all, the instances of the so-called ‘‘weak salts,”’ 
such as the halides of cadmium and mercury, may be 
accounted for as cases of complex ion formation. The 
thiocyanate test for ferric iron has been shown to be 
due to the formation of the red ferrithiocyanate ion, 
Fe(SCN),°- (13). It is probable that the red-brown 
coior of a ferric chloride solution is due to the presence 
of a similar ion, FeCl’-. Cupric bromide probably 
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contains the brown anion, CuBr,?-, as well as other 
complexes. There is evidence that lead acetate con- 
tains complex ions. 

This explanation disposes of the incongruity of the 
common interpretation of the color change upon dilut- 
ing concentrated solutions of ferric thiocyanate or 
cupric bromide as an evidence of their being molecular 
in concentrated solution and ionic in dilute solution. 
It disposes also of the existence of, ‘weak salts,’”’ a 
difficulty that may have dampened the enthusiasm of 
some for the theory of complete ionization. 


ACIDS, BASES, AND SALTS 


We understand an acid to be a substance that dis- 
sociates protons, a base one that associates them. An 
acid may be either a cation, as H,0*, a neutral mole- 
cule, as HCl, or an anion, as HSQ,-. Similarly, there 
are cation, neutral, and anion bases, such as aluminum 
ions, Al(OH)2(H20)4*, and Al(OH)(H20);?+, NHs, and 
OH-. Water and many other substances are amphi- 
protic, that is, they may react either by dissociating or 
by associating protons. All electrolytes are salts, in- 
cluding, for example, a solution of hydrochloric acid, 
which contains oxonium chloride, H;0tCl-, and sodium 
hydroxide. A few compounds that dissociate other 
units than protons have been shown to act as acids 
(14) but such a phenomenon is too rare and unimportant 
as yet to justify modifying the theory to include 
them. 

This remarkable theory is such a startling and far- 
reaching advance that the definitions of acids and bases 
that have been current for over forty years seem primi- 
tive by comparison. Yet the writer has found it to be 
eminently suitable for use in the general course. The 
fundamental definitions, however, imply a few changes 
in several terms that are in common use. The words 
“strong’’ and ‘‘weak’’ have been used to mean that an 
acid or base was much or little ionized. Henceforth 
they should mean that the proton dissociating ability 
or associating ability is large or small. The terms 
“acid salt” and ‘‘basic salt’’ become superfluous. They 
were misnomers anyway. For instance, sodium bi- 
carbonate and disodium phosphate were called ‘‘acid 
salts’ but their solutions are alkaline. It would 
probably simplify our nomenclature also if we dis- 
carded the term ‘‘normal salt.’’ It is unnecessary, al- 
though it does not do violence to modern theory. 

One of two principal points with respect to the modern 
theory of acids, bases, and salts to which I should like 
to direct attention is its implication for the mechanism 
of hydrolysis. This has been explained commonly as 
being due to the ionization of water into hydrogen and 
hydroxyl ions and the reaction of one of these with one 
of the ions of a salt to form a slightly ionized com- 
pound. The modern theory allows us to regard it as 
a reaction with water molecules due to the fact that 
water is an amphiprotic substance. This is a more 
reasonable view. It has always seemed a bit anomalous 
to stress the very small ionization of water in teaching 
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neutralization and then to base such an important 
and ubiquitous reaction as hydrolysis upon that same 
slight concentration of ions. 

Formerly we said that a salt was acid or alkaline in 
solution because of hydrolysis. We see now that when 
a salt solution is acid it is because one of its ions is an 
acid, and if it is alkaline one of its ions isa base. The 
hydrolysis is an incidental consequence of these proper- 
ties. For example, ammonium chloride is slightly acid 
because ammonium ion is stronger as an acid than 
chloride ion is as a base. There is, therefore, com- 
petition between ammonia molecules and water mole- 
cules for possession of the protons, with the result that 
some oxonium ions are present: 


‘ NH,*+ + HO @ NH; + H;0+. 


Sodium cyanide solution is alkaline because cyanide 
ion is a strong base whereas sodium ion is almost de- 
void of acid properties. As the result cyanide ion re- 
acts with water molecules and produces some hydroxyl 
ion: 


CN- + H.0 @ HCN + OH-. 


We find in the literature that ammonium cyanide is 
said to be about 40% hydrolyzed—obviously an in- 
accurate statement because the extent of hydrolysis 
is different for each ion and should be stated for each 
separately. Ammonium cyanide solutions are in 
reality alkaline, which indicates that the second of 
these reactions goes to the right farther than the first, 
cyanide ion being a stronger base than ammonium ion 
is an acid. 

The small increase in hydrolysis that is caused by 
rise in temperature has been interpreted as due to the 
increased ionization of water. Instead, we may now 
say that the greater hydrolysis is due to the increase in 
the effective concentration of water molecules caused 
by the progressive decrease in their association with 
each other. 

There may be several different kinds of reactions 
that have been called hydrolysis. Perhaps the hy- 
drolysis of an organic compound, such as an ester, in- 
volves an entirely different mechanism, but that does 
not fall within the scope of our concern at present. 

The second point of importance under this topic is 
that the modern theory of acids makes it necessary that 
we consider seriously the hydration of ions. Our 
chemistry of the past has occurred mostly in water 
solution, and yet in writing equations for the reactions 
we have usually neglected the function of the water. 

The soluble inorganic hydroxides are probably mostly 
salts, which means that they are composed of metal 
cations and hydroxyl anions. However, the insoluble 
hydroxides are probably molecular, being composed of 
coérdination complexes containing both hydroxyl 
radicals and water molecules. The complex acts as an 
acid by dissociating protons from its water molecules 
and as a base by associating protons with its hydroxyl 
radicals. These changes in the case of aluminum 
hydroxide are shown by the following equations: 


Al(OH);3(H20)3; -++- OH~ — Al(OH),(H20).~ + H.0, 
aluminate ion 


Al(OH)3(H20); -+- 3H;0+ — AI(H20),.8+ + 3H,0. 
aluminum ion 


The hydrolysis of aluminate ion and aluminum ion is 
represented by the reverse of these two reactions, the 
water acting molecularly as an amphiprotic substance. 

Data regarding the hydration of ions are inadequate, 
but sufficient so that this interpretation may be used 
satisfactorily. In this connection Pauling (15) has 
shown recently that stannic acid is Sn(OH),(H20)2, 
the stannates containing the ion Sn(OH),?-, and that 
antimonic acid is Sb(OH);(H2O), the anion being 
Sb(OH)s~. This is the anion that has previously 
and incorrectly been called ‘‘pyroantimonate.”’ 

The greater emphasis that we must now lay upon 
water of hydration adds further reason for the desir- 
ability mentioned earlier for using negatronic formulas 
to explain chemical properties. In these coérdination 
compounds the metal ion shares usually either an octet 
or a dodecet of negatrons from the oxygen of the water 
molecules. 


ATOMIC WEIGHTS FROM ISOTOPIC MEASUREMENTS 


In an earlier paper the writer reviewed the Aston 
method of determining atomic weights (16). This 
method is based upon the discovery by Aston in 1930 
of a reasonably accurate method of determining the 
percentage composition of isotopic mixtures of the com- 
plex elements. From this information and the isotopic 
masses, which may be determined by the mass-spectro- 
graph, it is possible to obtain the atomic weight of the 
“chemical element” by simple calculation. Although 
the operation of the mass-spectrograph requires a re- 
finement of technic that is beyond the comprehension 
of general chemistry students, its principle is simple 
and is readily understood by them. The method is, 
therefore, peculiarly advantageous for presentation in 
the early part of the course. Such presentation places 
atomic weights upon a concrete experimental basis 
and removes from the students’ minds most of the 
mystery that was formerly associated with them be- 
cause of the complexity of thé Cannizzaro method. 

Since the paper referred to above (16) was written 
the third and fourth reports of the Committee on 
Atomic Weights of the International Union of Chemistry 
have appeared (17). Only two changes in atomic 
weights were made in 1933, both of them being the 
result of chemical determinations. The report, how- 
ever, includes a brief review of the Aston method and 
comments on the striking concordance of the two meth- 
ods. The 1934 report makes changes for eight elements. 
In the cases of four of them (As, Se, Te, Cs) the values 
adopted correspond exactly or closely to the results 
of the mass-spectrographic method. The changes were 
made primarily because the older values did not agree 
with those of the latter and recent more careful chemi- 
cal determinations were found to do so. It may be 
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noted that inaccuracies in the old method are caused 
frequently by impurities in the material, a source of 
error which is of much less importance in the Aston 
method. 

The 1934 report states also that the atomic weights 
of carbon, columbium, and tantalum which are now in 
use differ from those obtained by the Aston method. 
Their early revision may be expected. Also it states 
that the previously adopted value for thallium is re- 
tained partly because of agreement with Aston’s value 
in spite of chemical determinations that alone would 
indicate a lower figure. 

These data indicate the importance that the method 
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has attained in a very short time. Its usefulness in 
general chemistry teaching seems to be obvious. 


CONCLUSION 


The reading of this paper has been an attempt to 
set forth the need of a fundamental revision of the 
general course not only by affirmation, but also by 
pointing out in some detail the contrast between the 
theoretical structure that has been used and that which 
may well be used. It has been impossible to mention 
all parts of our voluminous subject, but those that were 
chosen have, perhaps, the most striking implications. 
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A SIMPLE AIR BATH 


N. M. SHAH 
Karnatak College, Dharwar, India 


A USEFUL air bath has been described by A. F. 
Scott.! The following note describes the design and 
use of a simple air bath which has been successfully 
operated in our laboratory for the last eight years. 

An inverted truncated galvanized iron sheet cone 
about 6.5” high is inserted into a tripod as shown in 
the diagram. The upper and lower edges of the cone 
are serrated. 

A dish containing the solution to be evaporated is 
placed on the projecting upper end of the cone. A 
small flame is quite sufficient for smooth evaporation 
without spurting. Even in quantitative experiments, 
excellent results have been obtained.’ 

This arrangement also works well for drying sub- 
stances on filter paper. The paper is spread out on a 

1A.F. Scott, J. Cuem. Epvuc., 11, 419 (July, 1934). 

2 For various experiments wherein this air bath has been used, 


refer to SHAH, N. M., ‘“‘Practical chemistry,’’ second edition, 
The Students’ Own Book Depot, Dharwar, India, 1933. 


piece of asbestos board placed over the cone, and heated 
from beneath by a convenient flame. This arrange- 
ment can also be used for heating precipitates or sub- 
stances contained in a crucible supported on an ordi- 
nary pipeclay triangle. 

The advantages are: (1) low cost; (2) gas economy. 
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It is ‘a pleasure to acknowledge the kind assistance 
given by“Prof. R. L. Alimchandani in allowing this air 
bath to,be used in our laboratories. 








SULFUR. I 


WILLIAM A. CUNNINGHAM, Chemical Engineer 


San Angelo, Texas 


“CNULFUR is a fatty earth thickened in the mine 
S by boiling until it has hardened and become 
dry; and when it has hardened it is called sulfur. 
It has a very strong composition and is of uniform sub- 
stance in all its parts because it is homogeneous; and 
therefore its oil is not removed by distillation as is the 
case of other substances possessing oil.... Sulfur can 
be calcined only with great loss. It is as volatile as a 
spirit. When calcined with sulfur, all metals increase 
in weight, in a manner which cannot be questioned, 
for all the metals can be combined with sulfur, except- 
ing gold, which combines only with difficulty. Mer- 
cury combines with sulfur producing a sublimate of 
‘uzufur’ or cinnabar, but it does not transmute mer- 
cury or silver as some philosophers imagine.” 

The above description of sulfur and its properties 
appears in a twelfth-century Latin version of the 
Arabian Geber—‘‘Semma perfectionis magisteriz’’—and 
is probably a very good summary of the scientific 
knowledge of sulfur available to the world at that time. 

Records indicate that the ancients knew of and used 
sulfur in early historical times. It was used about 
2000 B.c. in bleaching linens, and Egyptian paintings 
dating as far back as 1600 B.c. contain colors requiring 
sulfur compounds in their making. In the early times 
the word sulfur was practically synonymous with fire 
and hence sulfur was, and is even today, commonly 
spoken of as brimstone; it was so called in several places 
in the Bible. Most of the sulfur used in the early times 
probably was obtained by heating either iron or copper 
pyrites, although Pliny in some of his writings refers to 
sulfur which came from islands between Sicily and Italy. 

Many of the ancient uses of sulfur were either similar 
to or identical with present-day uses. Pliny regarded 
sulfur as a “most singular kind of earth and an agent of 
great power on other substances’’ and describes it as 
having fourteen ‘‘medicinal virtues,’ among which were 
included its use as an insecticide and as a fumigant in 
the sick room to drive out the “evil spirits.’’ He also 
recognized four different kinds of sulfur, evidently 
differing in purity, and distinguished them by their 
uses as follows: (a) “‘live’ sulfur, used in medicine; 
(b) fuller’s sulfur, employed in the preparation of cloth; 
(c) egula, used in fumigating wool; and (d) that used in 
preparing lamp wicks for easy kindling. Other records 
show that sulfur was burned to generate “‘evil-smell- 
ing’ gases of warfare about 490 B.c.—disproving the 
common fallacy that gas warfare tactics were first used 
in the World War. 


SOURCES OF SULFUR , 


The average man of today has not much greater 
knowledge of sulfur and its properties than had the 


average man of 2000 years ago. He looks upon sulfur 
as a yellow powder to be readily obtained from the 
corner drug store; he knows that when it is burned 
there is produced an “evil-smelling’’ gas; he knows 
that it is useful as an insecticide when dusted on his 
rose bushes; he frequently burns it in the sick room as 
a none-too-effective fumigant; and sometimes he re- 
members that it is one of the essential plant foods. 
But the chances are that he does not know how sulfur 
is mined or that Texas produces annually about 2,500,- 
000 tons of sulfur valued at $45,000,000 and that this 
is approximately 85% of the world’s sulfur produc- 
tion and over 95% of the United States sulfur pro- 
duction. 

The amount of sulfur in the earth’s crust is estimated 
to be about one-tenth of one per cent. It occurs in a 
variety of mineral forms; those minerals of commercial 
importance are the sulfates, the sulfides or pyrites, and 
native or free sulfur. Of the sulfate minerals, the most 
abundant is the sulfate of calcium, commonly known 
as gypsum. As yet the sulfates are not important as a 
source of sulfur. A process has been patented by which 
calcium sulfate may be used as a raw material for the 
manufacture of portland cement, with a view to re- 
claiming the sulfur dioxide produced in the clinkering 
process for the manufacture of sulfuric acid. This 
process, however, has never been developed on a com- 
mercial scale. 

The sulfides of copper, lead, zinc, and iron were for 
many years a very important source of sulfur for the 
manufacture of sulfuric acid. The sulfides of anti- 
mony, arsenic, and selenium were not used because 
these elements are objectionable when present in the 
ores to be used in the manufacture of sulfuric acid. 
Probably the greatest sources of sulfide ores are the 
extensive deposits of iron pyrites which occur in Spain. 
However, in the United States large deposits of this 
mineral occur in the metamorphic rocks of the Pre- 
Cambrian extending from New Hampshire to Alabama. 
Pyrite also occurs in commercial quantities in Indiana, 
Illinois, Ohio, and California and in the Canadian 
provinces of Ontario and Quebec. 

Prior to the discovery of native sulfur in Louisiana 
and Texas, iron pyrites was exported in large quanti- 
ties from Spain to European ports and to the United 
States for the manufacture of sulfuric acid. In this 
process the mineral is roasted in furnaces to moderate 
temperatures. The roasting process converts the ore 
to the oxide, and the sulfur passes out of the furnace 
in the form of sulfur dioxide. This gas is then collected 
and used in the manufacture of sulfuric acid by either 
the contact or the chamber process. One of the ad- 
vantages of this mineral as a source of sulfur lies in the 
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fact that the residue from the roasting process may be 


used as a raw material for the smelting of iron. 

Lead and zinc sulfide ores occur in the Appalachian 
belt along the Atlantic seaboard, in the Virginia-Ten- 
nessee belt, in the Saucon Valley of Pennsylvania, and 
in the upper Mississippi Valley. Mixed ores of lead 
and zinc, together with gold, silver, copper, etc., are 
prominent in the Cordilleran section of Western United 
States. Ina few instances the smelters in these regions 
are equipped to use the by-product sulfur dioxide in the 
manufacture of sulfuric acid, but this practice is not 
general. With the discovery of native sulfur in the 
Gulf Coastal area of Texas and Louisiana, and the de- 
velopment of an economic method for mining these de- 
posits, the use of pyrite ores as a source of sulfur has 
steadily decreased. 

While free sulfur is often found in the sedimentary 
rocks of the earth’s crust, it is seldom found in sufficient 
concentration to be of commercial importance. Native 
sulfur may be formed in several ways. The type known 
as solfataric sulfur is often found in fissures of lava and 
tuff in the vicinity of active and almost extinct vol- 
canoes. Since hydrogen sulfide and sulfur dioxide are 
known to be common constituents of volcanic gases, 
the formation of this type of sulfur can be explained by 
one of the following equations: 


(1) HS + 2SO. = H.SQ, + 28 
(3) 8SO. + 2H.0 = 2H:SQ, + S 


Deposits of this nature are'rarely of commercial im- 
portance, but a few have been worked on a small scale 
in Japan. Sulfur of this type has also been found in 
the crater of Popocatepetl, in Mexico, and several 
other such deposits are said to occur in the volcanic re- 
gions of the Chilean and Argentine Andes. Native, or 
free, sulfur is also of common occurrence in the vicinity 
of some mineral springs. Its formation may be ex- 
plained by the incomplete oxidation of the hydrogen 
sulfide according to equation (2) above, but there is 
considerable evidence that the sulfur in such vicinities 
may be due to bacterial action. Deposits of this type 
occur throughout the Western States, and a few, 
namely, those which occur at Cove Creek mine, Utah, 
and at Cody and Thermopolis, in Wyoming, have been 
worked on a small scale. Such deposits, however, are 
of a superficial nature, and play an insignificant part 
in the world production. 

The “gypsum type” of sulfur is found throughout 
the world, and is so called because of its constant as- 
sociation with gypsum and anhydrite. Deposits of 
this nature are in no way connected with volcanic ac- 
tivity, and their close association with sedimentary 
formations has made the explanation of their mode of 
occurrence exceedingly difficult. Many hypotheses 
have been advanced, but none of them has been suffi- 
ciently proved to merit universal acceptance. The 
most generally accepted of these hypotheses is that the 
sulfur has been produced as a result of the reduction of 
gypsum by material of an organic nature. This theory, 
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however, is based upon certain reactions which are 
known to take place at elevated temperatures but which 
have not been produced experimentally under the con- 
ditions which are known to have existed in the forma- 
tions. The Sicilian deposits of Europe and the sulfur 
which occurs in the Gulf Coast area of Louisiana and 
Texas are well-known examples of the gypsum type of 
sulfur. - 


THE SICILIAN SULFUR INDUSTRY 


For many years the Sicilian deposits constituted a 
world monopoly, and prior to 1903 they were produc- 
ing approximately 95% of the world’s sulfur; at present 
they are producing about 12% of the sulfur used. 

It is said that sulfur has been mined in Sicily for at 
least 300 years, during which time it is estimated that 
some 16,000,000 tons have been produced. 

Competent engineers estimate that there are at least 
30,000,000 tons of sulfur yet available in the deposits. 
The sulfur is found in the Miocene strata and is of the 
gypsum type. It is closely associated with marls, 
shales, and gypsum, and constitutes from 8% to 40% of 
the sulfur-bearing formation; the average will run 
about 24%. Fuchs and Delaney (Traité des Gites 
Minéraux, p. 274) state that the sulfur produced by 
the reduction of gypsum would constitute about 24% 
of the deposit; hence the fact that the content of the 
Sicilian deposits averages that amount is regarded as 
strong evidence that the sulfur is the result of the re- 
duction of gypsum or anhydrite by the bituminous 
matter present. 

Before the introduction of the Frasch process, the 
methods of mining and refining the sulfur were very 
crude and inefficient. The ore was mined and brought 
to the surface by manual labor, much of it child labor, 
and piled into large circular piles 60 to 75 feet in diame- 
ter and 7 to 10 feet deep. These piles were known as 
“calcaroni.”” The heaps were provided with floors 
containing pits or compartments in which the molten 
sulfur was collected. When sufficient ore had been 
piled up, the “‘calcaroni’’ were completed by being 
covered over with earth or wet ashes from previously 
burned ore. They were then fired by dropping blazing 
wood fuel through holes in the top until the sulfur it- 
self became ignited and furnished sufficient heat to 
melt the remaining sulfur. The molten sulfur was 
then drawn off from the collecting compartments into 
blocks of the desired size. The efficiency of the entire 
process was very low, since only about 60% of the sulfur 
charged into the “calcaroni’”’ was recovered and its 
purity ranged from 90% to 98%. Needless to say 
there was a large amount of sulfur dioxide produced by 
this process which, since no effort was made to recover 
it, caused very serious damage to the vegetation of the 
surrounding country. 

The mines now in operation range in depth from 150 
to 650 feet, and the majority of them now use at least 
semi-modern mining equipment. The ‘‘calcaroni”’ 
system of extraction has been largely superseded by 
modifications of the regenerative furnace in which re- 
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covery of 80% of the sulfur is obtained. Attempts 
have been made to mine the deposits by the use of 
superheated steam and they have been successful in 
that as high as 90% of the available sulfur has been re- 
covered, but the high price of fuel makes the process too 
expensive for general use. Another difficulty has been 
the fact that the formation is so near the surface that 
sufficient pressure could not be maintained on the water 
to prevent its flashing into steam and thus dissipating 
the heat before the melting point of the sulfur was 
reached. 

The history of the Sicilian sulfur industry is pri- 
marily the history of many changes in managerial 
policy. Before 1838 all sulfuric acid was made from 
elemental sulfur; hence all users of the acid were con- 
cerned with the price of sulfur. Attempts had been 
made to use pyrites in the manufacture of sulfuric acid, 
and an Englishman by the name of Hall was granted 
a patent in 1813 for a process of manufacture, but it 
was not immediately adopted. ; 

The Sicilian industry progressed very smoothly until 
1838, when the King of Naples became too greedy and 
started the sulfur racketeering by granting a monopoly 
on the export of sulfur to M. M. Taix et Cie. of Mar- 
seilles. The price of sulfur jumped immediately from 
$25.00 a ton to nearly $70.00 per ton. As a result, 
Hall’s process for the use of pyrite for sulfuric acid 
manufacture was perfected and put into commercial 
use. This occasioned such a radical slump in sulfur 
sales that the price of Sicilian sulfur dropped to a more 
reasonable level, but was still kept above its former 
price. The Hall process was so successful that only 
those manufacturers who had to make arsenic-free 
sulfuric acid continued to use the Sicilian sulfur. The 
ultimate effect was to force the abolition of the mo- 
nopoly and the restoration of the former price levels, 
which in turn made it profitable for the acid manufac- 
turers to abandon the use of pyrite and to resume the 
use of sulfur. 

The industry then progressed very well until 
about 1890, when the Chance-Claus process for the re- 
covery of sulfur from the calcium sulfide in alkali wastes 
was discovered. At first it was believed that this 
method could be applied to reclaiming the suifur in the 
huge waste heaps which had accumulated at the alkali 
plants, but about 1896-97 it was found that the greater 
part of the sulfides in the waste had been oxidized to 
sulfates and hence were not recoverable. In the mean- 
time, a group of English capitalists had acquired a 
block of Sicilian sulfur interests and considerable fric- 
tion developed between them and the Sicilian produ- 
cers, resulting in a sharp decrease in the price of sulfur 
and a radical reduction of the wages of the workmen. 
However, in 1897 when it was discovered that the 
Chance-Claus process could account for only a rela- 
tively small proportion of the yearly consumption of 
sulfur, the price of sulfur was fixed by speculators at 
about $30.00 per ton. The users of sulfyr immediately 
objected, and a new price war started between the 
English and the Sicilian producers which created much 
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havoc in the entire industry. The price finally dropped 
to about $11.00 per ton delivered in England, which 
price included an export tax of some $2.00 per ton. 
The net income was then practically equal to the cost 
of production at the mine. Wages were lowered to 
such an extent that the entire business structure of 
Sicily was endangered and political ruination was near 
at hand. 

The English and Sicilian producers were of course 
making no money and soon came to realize that price 
fixation by certain speculators was at the root of all the 
trouble and that steps would have to be taken to rectify 
the condition of the Sicilian workmen and the mine 
owners. This resulted in the formation of the Anglo- 
Sicilian Sulphur Company and the subsequent stabili- 
zation of the entire industry. Capital stock of the 
company was $5,000,000, most of which was subscribed 
in England. The company had the full sanction of the 
Italian government and reforms were promptly brought 
about. Wages of the workmen were raised, child labor 
was abolished, the high export and income taxes were 
removed and a very nominal export duty imposed. 
All existing stocks of sulfur were taken over by the 
Company at a fair price and an agreement was made to 
pay the producers in Sicily about $16.00 per ton for 
future production. 

The Company controlled 75% of the Sicilian sulfur 
supply, which gave it virtual control over the entire 
industry. It had the right to call for a decrease of as 
much as 18% in production in event the demand should 
fall off, although with each 3% of decrease the producers 
were to be paid 1% more for that sulfur which was pro- 
duced. Within a short time, all the readjustments 
had been made, and the Anglo-Sicilian Sulphur Com- 
pany was functioning to the entire satisfaction of both 
the producers and the consumers. Later on, however, 
when the Frasch process was perfected the officials 
were unable to cope with the situation, and the Com- 
pany quietly and systematically disposed of the sulfur 
stocks on hand and then disbanded. 


AMERICAN SALT DOMES 


In 1869 sulfur was discovered at Calcasieu Parish, 
Louisiana, in a well being drilled for oil. The occur- 
rence of this deposit was coincident with that of the 
geological structure known as a salt dome, a peculiar 
formation limited largely to the Gulf Coastal Plains. 
At the present time there have been almost 200 such 
domes located in Texas and Louisiana, from nine of 
which sulfur has been produced in commercial quanti- 
ties. 

Essentially, a salt dome is an intrusion of a salt plug 
from underneath the ground and is usually, though not 
always, overlaid with a limestone, gypsum, or anhy- 
drite caprock. In general, they are dome-shaped with 
sharply sloping or almost vertical sides, are round or 
elliptical in cross-section, and range from '/3 to 1'/s 
miles in diameter. Some of the domes are flat on top, 
some have a slight depression in them, and some, like 
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the one at Barber’s Hill in Texas, have a slight ‘‘mush- 
room” top in which the top of the salt is somewhat 
flattened and spreads out beyond the sides of the core 
underneath in mushroom or toadstool fashion. Some 
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domes have been discovered in which the top of the 
salt is 7000 feet below the surface of the ground, while 
others, like the one at Avery Island, Louisiana, have 
the top of the salt above the nominal surface of the 
ground. The exact thicknesses of the salt plugs are 
more or less undetermined, although some of them have 
been penetrated for more than a mile without any in- 
dication that the bottom of the salt was being ap- 
proached. The salt of the domes which have been ex- 
amined is exceptionally pure, ranging from 98.0% to 
99.9% pure NaCl. The total quantity of salt in the 
known salt domes is too great to inspire even semi- 
intelligent guessing. R.A. Stainmayer [Chem. & Met. 
Eng., 39, 388 (1932)] says that it has been estimated 
that there are 2,000,000,000 tons of salt underlying 
Avery Island alone. 

In spite of the value of the salt itself, the present 
value of the domes lies primarily in the fact that every 
dome is a potential source of oil or sulfur, or both. 
Many millions of dollars have been spent in prospect- 
ing the various domes for these two substances, and at 
the present time there are over sixty domes in Texas 
and Louisiana which are producing oil at the rate of 
over 50,000,000 barrels per year, and nine of them have 
produced or are producing sulfur in commercial quan- 
tities. Other domes are being prospected constantly 
and no doubt there will be other discoveries of both oil 
and sulfur which will prove as important as have the 
discoveries already made. 

The sulfur found in these domes is of the gypsum 
type and is similar to that of the Sicilian deposits. In 
both instances the gangue material is gypsum and a 
porous type of limestone. The native sulfur is dis- 
seminated through the gangue, with occasional pockets 
of massive sulfur occurring in cavities of the gangue. 
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The areas which appear dark in the photograph are composed 
of sulfur; the matrix is limestone and gypsum. 


The deposits are located at depths varying from 400 
to 2000 feet, and the superimposed strata consist of 
pack sands and loose clay formations. The loose and 
friable nature of the overlying formations, together 
with the poisonous gases which are encountered, make 
it impossible to sink a shaft and mine the sulfur by 
underground methods. Consequently, these deposits 
were for many. years a potential but unobtainable re- 
source. 

When the sulfur deposit at Calcasieu Parish was dis- 
covered, numerous attempts were made to sink a shaft 
to the level of the sulfur-bearing stratum in order to 
mine and refine the sulfur in a manner similar to that 
used in Sicily. Several American companies, an Aus- 
trian company, and a French company made numerous 
attempts to obtain the sulfur, but all they did was to 
spend several million dollars and to kill a number of 
workmen. Finally Herman Frasch became interested 
in the matter, and in 1891, as a result of his investiga- 
tions, was granted a patent on his famous hot-water 
process for mining sulfur. 


HERMAN FRASCH 


Although the world knows him now primarily as the 
man who invented the sulfur-mining process, Herman 
Frasch was a highly successful engineer, chemist, and 
inventor before he became interested in sulfur. (Ameri- 
can Druggist, Oct., 1931, p. 64.) He was born in Ger- 
many in 1852, but came to the United States when he 
was only sixteen years old to continue his work as a 
pharmacist. For a while he worked with John M. 
Maisch, Director of the United States Army Laboratory 
during the Civil War, but later bought his own drug 
store in Philadelphia. 

Frasch paid very little attention to the actual opera- 
tion of his drug store—hv let his assistant run the store 
while he spent his time in the laboratory in the back of 
the store just “piddling around” as he himself de- 
scribed it. However, his “piddling’’ was not at all 
trivial because in a few years, when he was only twenty- 
four years old, he was granted his first patent—a proc- 
ess for refining paraffin wax. The oil companies then 
in operation had been attempting, unsuccessfully, to 
refine paraffin wax for some time, and when Frasch’s 
patent was announced they immediately became in- 
terested in both the man and his process. The result 
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was that he sold his drug store to his assistant and went 
to work for the Standard Oil Company. 

This first period of work with the Standard Oil Com- 
pany lasted from 1876 to 1885. During these nine 
years he applied for and was granted about twenty 
patents, all of which had a real monetary value to both 
the inventor and his company. Naturally some of the 
patents were concerned with improvements in the re- 
fining of petroleum, but not all of them were of this 
character. Among other things, his patents included 
a process for making waxed paper, a process for making 
white lead directly from galena, improvements in the 
process of salt manufacture, improvements in the am- 
monia process of making sodium carbonate, a process 
for making elements for thermal electric generators, 
and several processes for the manufacture of arc-light 
carbons. 

In 1885, when his contract with the Standard Oil 
Company expired, Frasch decided that it was time for 
him to go into business for himself. Consequently he 
moved to Canada and organized the Empire Oil Com- 
pany. At that time the Canadian oil industry was 
having much trouble with the odors produced by the 
sulfur compounds in the crude oil and the distillates 
therefrom. Despite very careful refining procedure, 
the kerosene, gasoline, etc., which were produced be- 
came known as “‘skunk oil’’ because of their nauseating 
and very penetrating odor. The odor was so very of- 
fensive that there is a case on record in which a boat 
load of flour and bacon was ruined simply because it 
was anchored near a cargo of the Canadian oil. A 
short time later the courts virtually declared the oil to 
be a public nuisance, and the Canadian oil industry 
was practically put out of business. Frasch immedi- 
ately started to work to find some way to remove these 
objectionable sulfur compounds. His first patents in 
this connection were applied for in February, 1887; 
and between that date and January 1, 1895, he applied 
for and was granted twenty patents relating to the re- 
fining of Canadian and similar petroleum oils. 

Essentially, his refining process consisted of mixing 
the crude oil with certain metallic oxides, usually copper 
oxide, and then removing the different distillates in the 
usual manner. The sulfur compounds reacted with 
the copper oxide to form copper sulfide, leaving the 
distillates sweet and odorless and comparatively free 
from sulfur. The cost of the process was not very 
high, because the inventor also perfected a process in 
which the copper sulfide could be filtered off from the 
residuum and roasted, producing it again as the oxide 
ready for re-use. Within a year the Empire Oil Com- 
pany had the process in operation on a large scale, and 
was producing petroleum products which were compar- 
able with the corresponding derivatives of the purest 
of Pennsylvania oils. 

Some time before this an oil very similar to the Cana- 
dian oil had been discovered in Ohio and was being 
produced there in large quantities. The Standard 
Oil Company bought up large interests in the field, and 
started to refine the oil in the same manner in which 
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they were refining the Pennsylvania oils of low sulfur 
content. The burning oils were put on the market but 
were soon returned to the company as being unfit for 
use because of the odor and the soot produced in burn- 
ing. For two years the company had their engineers 
and chemists at work trying to develop a suitable re- 
fining process, but finally gave it up and decided that 
the oil could be sold only as fuel oil. A pipe line was 
built to Chicago and long-time contracts were entered 
into whereby the oil was sold for 14 cents per barrel. 

When Frasch began to have such phenomenal suc- 
cess in refining the Canadian oils, the Standard Oil 
Company made thorough investigations and then pro- 
ceeded to buy the entire stock of the Empire Oil Com- 
pany. Frasch was paid with stock of the Standard 
Company and was again placed in the research depart- 
ment of that company. Soon afterward large re- 
fineries operating under the same patent rights were 
established in the Ohio fields. As a direct result of the 
application of the new process, the hundred million 
dollar stock of the Standard Oil Company increased 
within a few years from $168 per share paying 7% 
dividends to $820 per share paying 40% dividends. 
In addition to this, the crude oil price jumped to $1.00 
per barrel and the total production of the field was 
tripled. All this was due directly to the inventive 
and engineering ability of Herman Frasch. 

The inventor’s success in the improvement of the oil 
refining process apparently did not materially decrease 
his efforts. During the next five years he was granted 
some fifteen or twenty patents exclusive of his sulfur 
mining patents. These patents covered fields ranging 
from oil refining to gold mining. 

During the period 1889-91 Frasch became interested 
in the sulfur deposits in Calcasieu Parish, Louisiana, 
and on October 23, 1890, he made application for the 
basic patent on the process which has made him famous 
and which has proved so important that his other work, 
great as it was, is almost forgotten. His proposed 
mining method was so radically new that it met with 
ridicule and sarcasm on every hand. 

At that time a New York company owned the land 
on which the sulfur was known to exist, so Frasch, as- 
suming that all the land in that vicinity was underlaid 
with sulfur, bought some land about a mile and a half 
away and started to develop it. He then spent much 
time and money sinking four wells on his land only to 
find that no sulfur deposit existed on it. About that 
time the New York company went broke, and he 
bought the land which this company had abandoned. 

Frasch’s own description of his first attempt to pump 
sulfur is quite vivid. It is quoted direct from his ac- 
ceptance speech when he was presented with the Per- 
kin Medalin 1912. [J. Ind. Eng. Chem., 4, 135 (1912).] 


I drilled a well through the alluvial deposits to the rock with a 
10” pipe, then continued through the sulfur deposit, which was 
about 200 feet thick, with a 9” drill, and immersed a 6” pipe from 
the surface to the bottom of the well. The 6” pipe had a strainer 
only 6” long at the very bottom and a seat to receive the 3” 
pipe through which we expected to lift the sulfur to the surface. 
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The 6” pipe, directly above the seat for the 3” pipe, was perfo- 
rated for a distance of three feet. 

This melting fluid consisted of water superheated to 335° 
Fahrenheit. The porosity of the rock in which the melting had 
to be done seemed to furnish an almost insurmountable obstacle 
to success, as I feared that the wild waters in the rock would 
break into the melting zone I expected to create and reduce the 
temperature of the fluid with which I expected to melt below the 
temperature necessary to fuse the sulfur. I had supplied a large 
number of boilers to furnish the heat necessary to maintain a 
temperature higher than that required for the fusion of the sulfur. 

The water was superheated in columns in which 100 pounds 
per square inch pressure was maintained, and the apparatus 
which I had constructed to accomplish this proved very efficient. 
We used twenty 150-h.p. boilers for a well, which represents 
experimentation on a ponderous scale. 

When everything was ready to make the first trial, which 
would demonstrate either success or failure, we raised steam in 
the boilers, and sent the superheated water into the ground with- 
out a hitch. If for one instant the high temperature required 
should drop below the melting point of sulfur, it would mean 
failure, consequently intense interest centered in the first at- 
tempt. 

After permitting the melting fluid to go into the ground for 
twenty-four hours, I decided that sufficient material must have 
been melted to produce some sulfur. The pumping engine was 
started on the sulfur line, and the increasing strain against the 
engine showed that work was being done. More and more 
slowly went the engine, more steam was supplied, until the man 
at the throttle sang out at the top of his voice, ‘‘She’s pumping.” 
A liquid appeared on the polished rod, and when I wiped it off I 
found my finger covered with sulfur. Within five minutes the 
receptacles under pressure were opened, and a beautiful stream 
of the golden fluid shot into the barrels we had ready to receive 
the product. After pumping for about fifteen minutes, the forty 
barrels we had supplied were seen to be inadequate. Quickly 
we threw up embankments and lined them with boards to receive 
the sulfur that was gushing forth; and since that day no further 
attempt has been made to provide a vessel or mold into which to 
put the sulfur. 

When the sun went down we stopped the pump to hold the 
liquid sulfur below until we could prepare to receive more in the 
morning. The material on the ground had to be removed, and 
willing hands helped to make a clean slate for the next day. 
When everything had been finished, the sulfur all piled up in one 
heap, and the men had departed, I enjoyed all by myself this 
demonstration of success. I mounted the sulfur pile and seated 
myself on the very top. It pleased me to hear the slight noise 
caused by the contraction of the warm sulfur which was like a 
greeting from below—proof that my object had been accom- 
plished. Many days and many years intervened before financial 
success was assured, but the first step towards the ultimate goal 
had been achieved. We had melted the mineral in the ground 
and had brought it to the surface as a liquid. We had demon- 
strated that it could be done. 

This was especially gratifying as the criticisms I had received 
from technical papers and people who had heard of what I was 
attempting to do had been very adverse. Everyone who ex- 
pressed an opinion seemed to be convinced that this thing could 
not be done, one prominent man offering to eat every ounce of 
sulfur I ever pumped. A fair illustration of public opinion 
is the remark of the mail boy who drove me to the railroad the 
morning after our first pumping. He said, “Well, you pumped 
sulfur sure, but nobody believed it but the old carpenter, and 
they say he is half crazy.” 

This severe criticism, while not agreeable, did not carry very 
much weight with me. I felt that I had given the subject more 
thought than my critics, and I went about my work as best I 
could, thoroughly convinced that he who laughs last, laughs best. 


Although the first pumping of sulfur had demon- 
strated beyond a doubt that his fundamental idea was 
sound, Frasch still had many financial and mechanical 
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EARLY PRODUCTION METHODS 


Note that the wells discharge directly into the vat. Note 
also the cone of solid sulfur built up at point of discharge. 
The interiors of such cones remained molten for several 
months after cessation of pumping into the vat. 


difficulties to overcome. The actual pumping was for 
a while a most annoying source of trouble. The ordi- 
nary pumps were subject to such rapid corrosion that 
the valves were unfit for use after only a few days’ 
pumping. Since zinc and aluminum were about the 
only two metals unaffected by the molten sulfur, special 
valves of these metals were made up and tried. They 
were not corroded, but they were too soft to withstand 
the constant pounding to which they were subjected 
at every change of stroke of the pump. Finally, the 
air-lift principle was tried, and it proved so successful 
that even today it is the one accepted method for re- 
moving the liquid sulfur from the wells. 

As the sulfur was melted and pumped out from 
within the vicinity of a well, the earth above the sulfur 
stratum settled down into the vacant space left by the 
sulfur. This shifting frequently proved disastrous to 
the wells by pulling the 10” casing completely in two, 
and the well would have to be abandoned. After 
several such experiences this situation was remedied 
by surrounding the 10” pipe with a flexible casing of 
12” pipe equipped with stuffing boxes in such a manner 
that they would ‘‘give” as the earth shifted. 

Later it became necessary to pump into some of the 
wells huge quantities of sawdust and mud in order to 
seal off the cold water which was seeping in and cooling 
the dome below the melting point of the sulfur. This 
procedure helped to some extent but did not entirely 
stop the influx of cold water. 


A NEW SULFUR INDUSTRY 


Despite these difficulties—and the large-scale and 
high-priced experimentation required to remedy them— 
the Union Sulphur Company, which was organized by 
Frasch, finally began to show a profit on its investment. 
35,000 tons of sulfur were produced in 1903, while in 
1904 enough sulfur was mined to supply the entire de- 
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mand of the United States, and, in addition, to ship 
the first cargo of American sulfur abroad. 

The shipment of the first sulfur to France, in 1904, 
brought about the culmination of a series of negotia- 
tions between Frasch and the Anglo-Sicilian Sulphur 
Company, a holding company which controlled at that 
time about 80% of the output of Sicilian sulfur. At 
the outset the English company had investigated the 
new process but had pronounced it fantastic and 
utterly unworkable. Later, along in 1903 and 1904, 
the western agents of the company complained of com- 
petition caused by the sale of ‘“‘sulfur furnished from a 
mine which was no mine at all, but where the sulfur 
came out of the ground ready to ship.”” Nevertheless 
the company persisted in denouncing the thing as ‘‘im- 
possible” and another “‘American swindle.” 

By that time the production of the Union Sulphur 
Company was rapidly exceeding the domestic de- 
mands. Frasch, in his acceptance speech [J. Ind. 
Eng. Chem., 4, 139 (1912)], describes the situation as 
follows: 


I was very anxious to get all the business possible, as our stock 
pile was much larger than our bank account, and I was surprised 
to hear that the Anglo-Sicilian Company had accepted a con- 
tract for 20,000 tons to be delivered in America, very much below 
the price they generally quoted, and not far above their cost. I 
decided to go to London and have a talk with them in order to 
find out if it would be necessary for us to put the price below their 
cost in order to maintain the American business which we needed 
very badly. I was perfectly frank and explained our position 
fully.. I met with a great lack of enthusiasm for the ‘‘American 
humbug,” and was told that they would go their own way, and I 
could go mine. I did. 

I had arranged for the sale of our sulfur in the various Euro- 
pean countries, and knowing the production cost of my com- 
petitors, I succeeded very shortly in demonstrating that Louisi- 
ana sulfur was not a swindle. I found out afterwards that the 
lesson had cost the Anglo-Sicilian Company 285,000 pounds 
sterling—but then we were friends. Their attitude changed 
greatly, and they decided to go out of business and let the 
Sicilians and Americans take care of themselves. 


Soon after the Anglo-Sicilian Sulphur Company had 
disbanded, Frasch and his associates saw that if they 
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continued to undersell the Sicilian sulfur in the Euro- 
pean market, there would undoubtedly be war and 
revolution in Sicily. Consequently, an agreement 
was entered into with the Sicilian government which 
proved so successful that it is still in effect. Essen- 
tially this agreement permits the Sicilian mines to 
operate at practically full capacity and to maintain a 
price level which assures the miners of a fair return for 
their labor and investment. 

By this time Frasch was again recognized as one of 
the outstanding industrial leaders of the world—in- 
stead of the ‘‘fanatic’”’ and ‘‘American humbug” that he 
had been labeled only a few years previous. He had 
been granted ten patents relative to the apparatus for 
and process of mining sulfur. He had proved himself 
to be a man who was willing to finish an undertaking 
despite criticisms, ridicule, disappointments, and high 
costs of experimentation. He had given to his adopted 
country a supply of one of the raw materials necessary 
to the industrial growth of the nation and he had made 
available within the country one of the raw materials 
most essential to the national defense. 

In 1912, as a result of the success which Frasch had 
attained with his many and varied endeavors, the So- 
ciety of Chemical Industry bestowed upon him the 
highest professional honor which could be granted— 
the Perkin Medal for Distinguished Service in the 
Field of Applied Chemistry. The opinion of his pro- 
fessional associates at the time was appropriately, 
though humorously, expressed by Capt. A. F. Lucas 
at the time of the presentation of the medal: 


Since the advent of sulfur no serious attempt has been made to 
explore the sources of heavy oil that still flows from the upper 
layer of some old test wells—and I am of the opinion that if 
Mr. Frasch were to make a serious attempt he would succeed 
not only in getting the oil in gushers, but also little Chinamen 
with fire-crackers from the nether regions. 


Frasch died two years later, with the full knowledge 
that his process was a success mechanically and finan- 
cially and that his ability as a chemical engineer was 
fully recognized by the other men in his profession. 
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AT THE time of going to press the final program of Section C 
(Chemistry) of the American Association for the Advancement 
of Science, meeting in Pittsburgh, December 27, 28, 29, 1934, is 
not available. However, the following contributions to the sym- 
posium on The Réle of Chemistry in Education to be aeld jointly 
with Section Q (Education) and the Division of Chemical Educa- 
tion of the A. C. S. on Thursday afternoon (Dec. 27) have been 
announced: 


1. “The Extent of Chemical Education,” 
Rhode Island State College. 

2. “The Cultural Value of Chemistry in General Education,” 
B. S. Hopkins, University of Illinois. 

3. “The Training Value of Chemistry in General Education,” 


Victor H. Noll, 


PROGRAM 


J. H. Simons, Pennsylvania State College. 
4. “The Prerequisite and Collateral Value of Chemistry.” ° 
Alexander Silverman, University of Pittsburgh. 
5. ‘‘The Profession of Chemistry,’”’ Webster N. Jones, Car- 
negie Institute of Technology. , 


Professor B. S. Hopkins will serve as chairman. 

Friday morning and afternoon (Dec. 28) will be devoted to a 
joint symposium with Section B (Physics) and the American 
Physical Society on “Heavy Hydrogen and Its Compounds.” 

At the Friday evening session Professor A. B. Lamb, of 
Harvard, will speak on “Crystallogenetic Adsorbents.”’ 

Saturday (Dec. 29) will be given over to sessions for contributed 
papers. 








SOLUTIONS of ELECTROLYTES’ 


ARTHUR W. DAVIDSON 


The University of Kansas, Lawrence, Kansas 


General recognition of the fact that the degree of disso- 
ciation of typical strong electrolytes can be neither experi- 
mentally determined nor accurately defined, has made tt 
desirable that the traditional presentation of electrolytic 
dissociation in the general chemistry course be drastically 
revised. Strong electrolytes in dilute aqueous solution may 
be regarded as practically completely dissociated, whereas 
the ions of weak electrolytes combine to form molecules 
according to the laws of chemical equilibrium. The de- 
crease in osmotic effects and in equivalent conductivity 
of strong electrolytes with increasing concentration may 
be attributed to the electrostatic constraints to which the 
ions are subjected; the activity coefficient of a strong elec- 
trolyte may be regarded as a factor by which the concentra- 
tion must be multiplied to correct for such electrical effects. 

V \) Noyes, Bjerrum, and others, about thirty years 

ago, that our views on electrolytes might be 
in need of radical revision, it was not to be expected 
that their tentative theories would be reflected imme- 
diately in the teaching of general chemistry, nor, in- 
deed, would such a change have been desirable at that 
time. During the past ten years, however, the new 
theories of electrolytic solutions have established them- 
selves on such firm ground, and have so greatly con- 
tributed to our understanding of the subject, that if 
confusion is to be avoided, a corresponding revision of 
the general chemistry course can no longer be delayed. 
It is natural that this departure from well-worn paths 
should not be without its painful aspects, but such 
minor hardships have been of frequent occurrence in 
the development of our science and have never been 
allowed to constitute a permanent impediment. 

It may enable us to attain a better perspective on our 
own problems if we consider the plight of our predeces- 
sors of fifty years ago, when the revolutionary theory 
of Arrhenius suddenly burst in their midst. At that 
time, of course, the idea of the spontaneous separation 
of a stable compound into two simpler substances con- 
stituted a most radical and startling innovation. It 
seems probable that the English chemist Pickering 
voiced the bewilderment of many of his contemporaries 
in 1890 when he said (1), ‘‘The theory of dissociation 
into ions is altogether unintelligible to the majority of 
chemists. It seems to be quite irreconcilable with our 
ideas of the relative stability of various bodies, and with 
the principle of conservation of energy. How can we 
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HEN it was first suggested by Sutherland, 





* Contribution to the Symposium on Modernizing the 
Course in General Chemistry, held under the auspices of the 
Division of Chemical Education at the 88th meeting of the A. C. 
S. at Cleveland, Ohio, Sept. 12, 1934. 
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regard it probable that compounds of such stability 
as sulfuric or hydrochloric acid should be thus entirely 
dissociated by water, while less stable ones such as hy- 
drocyanic acid should remain intact? How can we 
admit that the more stable a body is, the more prone 
it is to be dissociated?”’ He was concerned, too, about 
the charges which the ions were supposed to carry, and 
inquired of his audience, somewhat plaintively, we may 
imagine, ‘“‘Whence come these electric charges, and by 
what agency are they brought into play?’ These ob- 
jections were not unreasonable, for, it must be remem- 
bered, Pickering knew nothing of electrons or of atomic 
structure, and was therefore unable to conceive a plau- 
sible mechanism of dissociation. We are no longer 
troubled by these particular questions, because we are 
able to picture a typical polar compound as one in 
which one or more electrons have passed from each 
atom of the metallic element to an atom of the non- 
metal, the charged particles so formed being held to- 
gether by electrostatic forces only; indeed it seems to 
us inevitable that such a compound would dissociate 
on going into solution. Hence that part of the theory 
of Arrhenius which maintains that ions exist in dis- 
solved electrolytes, even in the absence of any external 
electrical forces, has not been seriously questioned in 
recent years; every new development in this field has, 
in fact, served to give it additional support, and the 
genius of its author now stands out more clearly than 
ever. The classical theory, however, included also a 
second hypothesis, namely, that in all electrolytic solu- 
tions there are two clearly distinguishable portions of 
the electrolyte, ions and undissociated molecules, their 
relative proportions varying with the total concentra- 
tion in accordance with the laws of chemical equilib- 
rium. It is this portion of the theory which has been 
subjected to an increasing tide of criticism during the 
past thirty years, and which, at least in so far as it 
applies to strong electrolytes, is no longer generally 
accepted; and it is the discarding of this hypothesis 
that has necessitated the changes in the general chem- 
istry course which are to be discussed. 

Since opinion on this point is as yet by no means 
unanimous, it may be well, before considering teaching 
problems, to state the case against the hypothesis just 
referred to. The objections to its retention are but 
very inadequately conveyed by the familiar statement 
that the dissociation of strong electrolytes does not con- 
form to the law of mass action; the difficulty is far 
more fundamental than that. In its simplest terms, it 
may be expressed in this way: no experimental method 
is known by which the degree of dissociation of a strong 
electrolyte can be reliably determined, and it is therefore 
very doubtful that the concept of degree of dissociation has 
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any clear significance in such a case. The traditional 
methods of determining the degree of dissociation are 
based upon assumptions which, while approximately 
true for weak electrolytes (where ionic concentrations 
are small), are so far in error when applied to strong 
electrolytes as completely to invalidate the results ob- 
tained by their use. Thus the determination of degree 
of dissociation from conductivity data by means of the 
equation a = A/Ao, where a is the degree of dissocia- 
tion, A the equivalent conductivity at the given con- 
centration, and Ay the equivalent conductivity at in- 
finite dilution, rests upon the premise that ionic mo- 
bilities are independent of concentration, which has 
been proved to be untrue. The determination of the 
same quantity from freezing-point data (or from any 
other of the colligative properties of dilute solutions) 


by means of the equation a = oe where 7 is the so- 


called van’t Hoff factor* and v the number of ions pro- 
duced by the dissociation of one molecule of the elec- 
trolyte, is based upon the assumption that ions in di- 
lute solution behave like perfect solutes, which is un- 
doubtedly false also. Both of these methods, for rea- 
sons which will be discussed later, give values for a 
which are certainly far too low. It happens, curiously 
enough, that the erroneous values calculated for a 
given salt in these two ways often agree fairly well with 
each other, especially in the case of uni-univalent elec- 
trolytes. Thus for potassium chloride in 0.1 normal 
aqueous solution both methods give a degree of disso- 
ciation of 0.86, while for hydrogen chloride at the same 
concentration the conductivity ratio and the freezing- 
point depression give values of 0.925 and 0.915, re- 
spectively. Since neither method is valid, the occa- 
sional agreement between the figures obtained in the 
two ways is of no intrinsic importance, but is to be re- 
garded merely as a coincidence (2), (3); this accidental 
agreement, however, by lending apparent support to 
the Arrhenius hypothesis which we are discussing, has 
undoubtedly played an important part in delaying the 
rejection of this hypothesis. For electrolytes of higher 
valence types, no such close agreement is found; thus 
for magnesium sulfate in 0.1 normal solution, we find 
a to be 0.43 according to the conductivity ratio and 
0.32 from freezing-point data. Further, if we turn to 
the field of non-aqueous solutions, it is a well-known 
fact that different methods of measurement of degrees 
of dissociation yield still more widely divergent values. 

Now one of the most important results of modern 
trends of thought in physics has been to emphasize the 
necessity of defining our concepts in experimental terms. 
This point of view was discussed by Dr. Langmuir (4) 
in his striking presidential address to the American 
Chemical Society at Minneapolis in 1929; he gave 
especial emphasis to the point that if there are no con- 
ceivable operations that can be performed in order to 
arrive at an answer to a question, then that question is 





* That is, the ratio between the observed molal freezing-point 
lowering and the theoretical molal lowering on the assumption of 
no dissociation. 
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meaningless. Applying this principle to the problem 
in hand, since there are no experimental means by 
which the degree of dissociation of a strong electrolyte 
can be satisfactorily measured, we are forced to the con- 
clusion that our concept of degree of dissociation must 
at least be somewhat lacking in clarity; and closer 
consideration reveals that, as far as strong electrolytes 
are concerned, it is indeed impossible to define this 
quantity in an unambiguous manner. With weak 
electrolytes, consisting, in the undissociated state, of 
actual molecules in which the atoms are held together 
by electron pair bonds, this difficulty does not arise. 
In the case of true salts, however, no such bonds exist, 
and the ions are united in any case merely by electro- 
static forces; we may readily agree that the electrolyte 
is completely ionized at all concentrations, but how far 
apart must a pair of ions be before we are to regard the 
molecule (if we may so designate it) as being truly 
dissociated? Or, conversely, how closely must a pair 
of ions approach each other before we are to regard 
them as constituting an undissociated molecule? It 
is not surprising, when the problem of degree of disso- 
ciation rests upon so insecure a theoretical foundation, 
that it cannot be solved experimentally (5). 

Even when the foregoing difficulties are clearly recog- 
nized, however, most teachers of general chemistry 
have been reluctant to abandon the traditional view- 
point, partly because it has seemed desirable that the 
Arrhenius theory be studied for its historical interest 
(6), partly because the alternative has seemed to them 
to be altogether too formidable. How, for instance, 
could the interionic attraction theory, with all its 
mathematical intricacies, be explained ‘to freshmen 
whose mastery of elementary algebra is none too se- 
cure? Or, leaving this theory out of consideration, 
surely the student is not to be persuaded to accept the 
concept of activity as a substitute for concentration, in 
view of the fact that the former quantity can be rigor- 

F-F? 
ously defined only by means of the equation a = e ®” .} 
Is there anything to be gained even by the somewhat 
simpler process of substituting for the degree of disso- 
ciation, whose significance is at least easily grasped 
by the student, the vague concept of activity coeffi- 
cient, which, though capable of:being precisely defined 
and determined, can scarcely be explained in terms of 
any sort of concrete picture? 

While these objections are certainly not without 
validity, they are nevertheless outweighed by the fact 
that if the student who intends to continue in chemis- 
try is taught the classical theory in the general course, 
he will inevitably have to be told later that a consider- 
able portion of it is not to be taken literally—a process 
that will tend neither to increase his respect for his 
early training nor to facilitate his acquisition of the 
newer point of view. In fact, the necessity of uproot- 
ing the old theory in order to make room for the new 





{t Where a is the activity, F and F° the partial molal free 
energies in the given and the standard states, respectively, R the 
gas constant, and J the absolute temperature. 
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has undoubtedly been an important factor in creating 
the difficulties which the latter, at first encounter, 
presents to many of us. Without this handicap, the 
newer theory is in some respects actually simpler than 
the traditional one, and it is possible to approach it by 
a path which offers no serious obstacles to the be- 
ginner. Such a line of approach will now be briefly 
indicated. 

In introducing the subject of electrolytic dissociation, 
the first step, naturally, is to present the three groups 
of facts concerning acids, bases, and salts which any 
theory of electrolytes must explain: namely, addi- 
tivity of chemical properties of the solute, abnormal 
effects upon vapor pressure and freezing point of the 
solvent, and electrical properties of the solution, in- 
cluding conductivity, migration, and electrode phe- 
nomena. In seeking to formulate a theory which will 
account for all of these facts, we still follow Arrhenius 
in our fundamental assumption that the electrolyte, on 
going into solution, dissociates into two new substances, 
the particles of which carry electrical charges. Now, 
in the closer consideration of this hypothesis, let us 
limit our discussion for the present to true salts, in the 
narrow sense, which constitute the largest and most 
typical group of electrolytes. The student presumably 
already has some acquaintance, which may well be re- 
newed at this point, with the rudiments of atomic struc- 
ture and with the type of chemical union resulting from 
the transfer of an electron from one element to another. 
He should have learned to think of common salt, for 
example, as a compound in which each sodium atom 
has lost an electron and each chlorine atom has gained 
one, and the resulting oppositely charged particles at- 
tract each other to form sodium chloride molecules, if 
in the gaseous state, or a lattice of alternating positive 
sodium and negative chlorine atoms in the salt crystal. 
It may now be pointed out that when such a crystal 
comes in contact with water, the forces holding to- 
gether the charged particles or ions are weakened, so 
that when these ions wander off into the solution they 
are able to move about almost independently of each 
other. The oppositely charged particles still exert 
electrical forces upon each other, it is true, but these 
forces are of much smaller magnitude than those which 
prevailed in the crystal. Under their influence, a so- 
dium and a chlorine ion may, occasionally, even ap- 
proach each other so closely as to constitute for a time 
what may be termed an ion-pair; the concentration of 
such ion-pairs cannot be determined, nor can even 
their existence be proved. But the number of pairs or 
clusters present in a dilute solution at any time must 
in any case be very small compared to the total number 
of ions, so that the salt, for all practical purposes, may 
be considered to be completely dissociated. 

The dissociation of strong acids presents a somewhat 
different picture from that of true salts (7). In the 


case of hydrogen chloride, for instance, the bond be- 
tween the atoms is probably of the covalent rather than 
of the ionic type, so that there is little ionization in the 
undissolved state; but the compound presumably re- 
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acts with water to give a salt-like substance in solution, 
according to the equation 


HCl + H.0 = H;0+ + Cl- 


This aspect of the problem of electrolytes, however, 
will not be further considered here, since it is to be 
treated in detail in the following paper of this sympo- 
sium. 

It is evident that all three groups of characteristic 
properties of electrolytes can be accounted for, quali- 
tatively at least, in terms of the hypotheses which have 
been outlined above, just as they were by the tradi- 
tional theory; quantitative relationships will require 
further consideration later. But it may be pointed 
out here that, having developed the newer viewpoint, 
with its emphasis on the fact that the properties of a 
strong electrolyte in dilute solution are the properties 
of the zons only, we shall be in a more favorable posi- 
tion to interpret chemical reactions between such elec- 
trolytes in the simplest possible manner. As Dr. Wild- 
man pointed out at a previous meeting of this Division 
(8), if a student prefers the equation 


NaCl + AgNO; = AgCl + NaNO; 


to the simpler 
Agt + Cl- = AgCl 


it must be only because he learned the former first and 
is reluctant to change his habits. If he can be trained 
in the general chemistry course to write the simple and 
appropriate ionic equations for such cases, he will be 
much better prepared for the reactions of qualitative 
analysis. With the newer theory as a background, it 
should not, for instance, be so difficult a task as it often 
is at present to persuade the student in the latter course 
that equations such as 


NH,Cl a NaNO; = NH,NO; + NaCl 


are meaningless, so far as dilute solutions are concerned, 
or to convince him that oppositely charged ions in solu- 
tion do not combine to form compounds merely by 
virtue of their charges, but remain apart unless there 
is some special reason to the contrary. 

When we come to the consideration of weak elec- 
trolytes (water itself, weak acids and bases, and pos- 
sibly a few salts of heavy metals),* we are concerned 
with substances which in the undissolved state are 
probably made up of molecules rather than of ions. 
Here the original theory of Arrhenius is valid almost 
in its entirety, and the method of presentation need not 
greatly depart from the traditional one. In this case 
only a small fraction of the dissolved molecules are, at 
any instant, dissociated into ions; or to state it in an- 
other way, the ions in solution combine, to a consider- 
able extent, to form molecules. This reversible re- 
action is subject to the usual laws of chemical equilib- 
rium. Further, in dilute solutions of weak electrolytes, 





* The number of electrolytes which are borderline cases be- 
tween those generally classified as “‘strong’” and “‘weak’’ is so 
small that they need scarcely be considered in the general chem- 
istry course. 
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the concentration of ions is so small that their mobility 
does not vary greatly with concentration, nor does 
their osmotic behavior deviate widely from the laws of 


the dilute solution. These solutions, then, are almost 
free from the disturbing influences which invalidate 
' both of the conventional methods of determining the 
quantity a for strong electrolytes. Hence the degree 
of dissociation of a weak electrolyte, at any concentra- 
tion up to about 1 molar, may be determined with a 
fair degree of accuracy from the conductivity ratio, 
A/Ao, and, in dilute solutions, from freezing-point 
data also; the two methods, moreover, give concordant 
results. The dissociation constant of such electrolytes 
can therefore also be determined with considerable ac- 
curacy, a fact which strongly supports the hypothesis 
that an equilibrium between ions and un-ionized mole- 
cules actually exists.* 

Up to this point, our discussion of strong electrolytes 
having been altogether qualitative, the newer view- 
point has been simpler than the old, as well as more 
nearly correct. But we have as yet left two important 
questions unanswered. If strong electrolytes are prac- 
tically completely dissociated in dilute solutions, why 
does their equivalent conductivity nevertheless de- 
crease so markedly with increasing concentration; and 
why are the effects of the solute on the physical prop- 
erties of the solution so much smaller than would be 
expected according to the assumption that the ions act 
as independent solutes? Answers to both of these 
questions may be found in terms of the hypothesis of 
interionic attraction, first suggested by Milner in 1912. 
According to this hypothesis, the ions, even in dilute 
solution, are not distributed entirely at random, as 
neutral molecules would be, nor are the movements of 
a given ion unaffected by its neighbors; but each ion 
has in its immediate neighborhood more ions of opposite 
sign than of the same sign, and is attracted by this 
oppositely charged ‘‘ion-atmosphere,” without being 
definitely attached to any particular oppositely charged 
ion. Thus all the ions are subjected to electrical forces 
which exert a certain restraint upon them—hamper 
their freedom of motion, that is, and reduce their ac- 
tivity. 

From this point of view, the decrease in equivalent 
conductivity of strong electrolytes with increasing con- 
centration is to be attributed to a decrease in the speed 
of migration of the ions rather than to a decrease in 
their number. A charged particle acted upon by an 
electrical field could not be expected to migrate so 
rapidly through a medium crowded with other charged 
particles as it would if it were alone among the solvent 
molecules, and the higher the concentration of ions (the 
greater the degree of crowding), the greater would be 
this retarding effect. It would be expected, also, that 
this falling off in migration velocity would depend more 
upon the charges of the ions concerned than upon their 





*TIt is probable, however, that in the case, of most weak 
electrolytes we have to do not with a simple dissociation into 
ions, but with a reaction into which the solvent enters also, and 
in which a proton shifts from one molecule to another. 
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chemical nature. This hypothesis is in exact accord 
with the well-known fact that, for strong electrolytes, 
the conductivity ratio at a given concentration varies 
with the valence type of the compound. Thus, in 0.1 
normal solution, A/Ao for most uni-univalent salts is 
about 0.85, for uni-bivalent salts about 0.73, and for 
bi-bivalent salts about 0.40. If the decrease in con- 
ductivity were due to chemical reaction between op- 
positely charged ions, we should expect to find wide 
variations among specific salts, even of the same valence 
type; the fact that the concentration and the charges 
on the ions are the determining factors is more easily 
accounted for on the basis of electrostatic forces. De- 
bye and Hiickel, and more recently Onsager, have cal- 
culated on a ticretical basis the effects of these elec- 
trical restraint’ .0n conductivity, and have obtained 
equations which account very well for the observed 
conductivities of strong electrolytes in very dilute solu- 
tion. These equations, of course, cannot be considered 
in detail in the general chemistry course; it may be 
mentioned, however, that they are of the general form 
A =A) — A Vc, where cis the concentration and A a 
factor depending largely upon the valence type of the 
salt. 

We come now to the somewhat more difficult question 
of the deviation of the ions from the behavior of ideal 
solutes. On the assumption of practically complete 
dissociation, a strong electrolyte in solution may be re- 
garded as though it consisted entirely of ions, whose 
concentrations are readily found from the total concen- 
tration of the salt; but correct results are not obtained 
if these concentrations are used in calculating such 
properties of the solution as osmotic pressure or freez- 
ing-point depression, nor if they are used in applying 
the law of mass action to reactions in which the ionized 
substance takes part. This law is based upon the as- 
sumption that the various molecular species involved 
are subject to no attractive or repulsive forces and col- 
lide merely by chance—an assumption which, as we 
have suggested, is far from being true in the case of 
charged particles. Hence, if the law of mass action 
is to be applied to ions, each concentration must be 
multiplied by a correction factor, called the activity co- 
efficient, in order to correct for the electrical effects of 
the ions upon each other (as well as for any other in- 
fluences causing them to deviate from ideal behavior) ; 
in extremely dilute solution, as all these effects tend to 
disappear, the activity coefficient approaches unity. 
The corrected concentration (concentration X activity 
coefficient) is called the activity of the ion in question; 
thus the activity may be regarded as the ‘effective 
concentration’’—a fictitious concentration , which, if 
used in formulas involving the law of mass action, will 
make them universally valid. In terms of the symbols 
commonly employed, the foregoing relationship is ex- 


a 
pressed by the simple equation f = yt 
activity coefficient of an ion, a is its activity, and ¢ is 
its concentration on the assumption of complete disso- 


where f is the 
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ciation of the electrolyte from which the ion is derived. 
Further, the activity coefficient of an electrolyte is de- 
fined as the geometrical mean of the activity coefficients 
of its ions.* 

It seems advisable to include at this point a few addi- 
tional comments concerning the activity coefficient, in 
order to guard against certain readily acquired mis- 
conceptions, although the contents of this paragraph 
will scarcely concern the general chemistry student. 
The activity coefficient of an electrolyte has sometimes 
been called the thermodynamic degree of dissociation, 
but this designation may easily be misleading. The 
classical theory assumed that the ions behaved like 
ideal solutes; if this were true, then the activity co- 
efficient would indeed be a measure merely of the degree 
of dissociation. Now, however, we are supposing the 
electrolyte to be completely dissociated, and the ac- 
tivity coefficient to be less than unity precisely because 
the ions do not behave as ideal solutes. The activity 
coefficient of an electrolyte cannot be determined from 
the conductivity ratio, nor is it to be supposed that it 
can be calculated from the freezing-point depression by 
the simple method used to find the apparent degree of 
dissociation according to the Arrhenius theory. The 
relation between activity coefficient and freezing-point 
depression is not a simple one, because the latter quan- 
tity depends upon the lowering of the activity of the 
solvent; this lowering is indeed related to the activity 
of the solute, but in a somewhat complex way which 
cannot be discussed here. On the other hand, activity 
coefficients may be calculated directly from such ex- 
perimental data as vapor pressure of the solute (in the 
case of a volatile electrolyte like HCl), distribution 
ratios, and electromotive force of concentration cells, 
since these quantities are closely related to the activity 
of the solute; and the various methods give concordant 
results. In agreement with the hypothesis that the 
abnormal behavior of ions is due to electrical effects, it 
has been found that in dilute solutions the activity co- 
efficient always decreases with increasing concentration, 
at a rate depending largely upon the valence type of the 
salt; that is, the greater the charges carried by the 
ions present, the smaller is the activity coefficient at a 
given concentration. The values of the activity co- 
efficients in dilute solution are always smaller than the 
“degrees of dissociation’ calculated in the traditional 
way. 

A simple illustration of the usefulness of the concept 
of activity coefficient, which might well be presented 
during the second semester of a course in general chem- 
istry, is to be found in the application of this concept to 
the problem of the solubility of a salt in the presence of 
other salts. The relation between activity coefficient 
and solubility product will therefore be briefly dis- 
cussed here. Consider the case of solid calcium sul- 
fate, for example, in contact with its saturated solu- 





* That is, if an electrolyte dissociates into v ions altogether, 
v, positive ions whose activity coefficient is fi, and v2: negative 
ions whose activity coefficient is f2, the activity coefficient, f, 


of the electrolyte is defined by the equation f = V Fifer. 
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tion at a fixed temperature. The equilibrium may be 


represented by the equation 
CaSO, (solid) = Ca++ + SQ.-- 


Since the concentration of solid calcium sulfate is con- 
stant, we obtain, by applying the law of mass action in 
the classical manner, as the condition for equilibrium, 


Ccat+ * Cgos-- = constant 


and the value of this constant is known as the solubility 
product of the salt. Although the principle of the con- 
stancy of the solubility product has been applied with 
considerable success to the study of analytical chemis- 
try, this principle is actually an approximation, valid 
only for solutions in which the total concentration of 
ions is small. Thus the solubility of calcium sulfate is 
markedly increased upon the addition of potassium ni- 
trate, for example, which has no ion in common with it, 
the solubility of the same salt is decreased by magne- 
sium sulfate, but not to so great an extent as would be 
calculated on the basis of a constant solubility product. 
Extensive and accurate experiments along these lines 
have conclusively demonstrated that the solubility 
product is not a constant, but a quantity which in- 
creases with increasing total ion concentration, the rate 
of increase being greater, the greater the valences of 
the ions of the salt with which the solution is saturated, 
and of the other ions present. The reason for this 
“salt effect’’ on the solubility product becomes evident 
at once, if activities instead of concentrations are used 
in the equation for the conditions of equilibrium. Thus 
the exact equation is 


Qca++ * @go.u-- = K (a constant) 
or, in terms of concentrations and activity coefficients, 
foa++Coat+ + fao.--Cs0i-- = K. 


The last equation may also be written 
ciate taal K ae a 
i 80 foatt * faor-- caso. 


This clearly shows that the solubility product of a salt 
must increase as its activity coefficient decreases. The 
fact that this ‘‘salt effect’? depends primarily upon the 
total concentration of ions present, and their charges, 
rather than upon the specific chemical properties of the 
ions, constitutes additional evidence that the activity 
coefficient is determined primarily by electrical forces. 

In the foregoing discussion the concepts of activity 
and of activity coefficient have been defined in a quali- 
tative way, and an attempt has been made to illustrate 
their usefulness. This is about as far as one can go in 
the presentation of the modern theory of electrolytes 
in the general chemistry course; the rigorous quantita- 
tive definition of the above concepts is based upon 
thermodynamic principles and could scarcely be 
adapted to the background of the beginner, and to 
develop the Debye-Hiickel theory of interionic attrac- 
tion in its entirety would of course be quite impossible. 
The superior student, however, may show some curi- 
osity concerning this recondite theory which is so fre- 
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quently mentioned, but never discussed, in textbooks 
of general chemistry and qualitative analysis; and, so 
far as the writer is aware, there is no reference book to 
which the teacher might send such a student for a dis- 
cussion that would be within his comprehension. 
Hence, in the remainder of this article, an attempt is 
made to show how, without encountering any great 
difficulties, a further step may be taken toward an 
understanding of the relationship between electrostatic 
forces and activity coefficient, and toward an apprecia- 
tion of the general nature of this aspect of the Debye- 
Hiickel theory. 

Let us consider the maximum amount of work that 
could be obtained by the transfer of a mol of solute, by 
osmotic (9) or other means, from one solution to another 
of smaller concentration. Such a change would take 
place spontaneously, and if both solutions were dilute 
and there were no electrical forces to complicate mat- 
ters, would furnish under the most favorable condi- 
tions an amount of work, w, given by the equation 


w= RTS 
c 


where R is the gas constant (1.99 calories per degree), 
T is the absolute temperature, and ¢ and c’ are the in- 
itial and final concentrations, respectively. Now the 
activity may be defined as a quantity which is equal to 
the concentration in extremely dilute solutions, and 
elsewhere has such a value that when a is substituted 
for c in the above equation, the resulting equation will 
always be true, regardless of the magnitude of the con- 
centrations and of the nature of the factors which 
cause the solutions to depart from ideal behavior. In 
other words, by the definition of activity, the equation 


w= RTin% 
a 


is universally valid. 

Now let us imagine the transfer of a mol of an ionic 
substance from a dilute salt solution of concentration 
c, in which each particle is subject to electrostatic 
forces due to its oppositely charged ion-atmosphere, to 
one of concentration ¢, the latter being so extremely 
dilute that the electrostatic forces are negligible and 
the substance in question behaves like an ideal solute. 
If there had been no electrical forces to overcome, the 
amount of work obtainable, w,;, would have been RT 
ln oe 

Co 


the actual amount of work, w,, however, is RT 


oe . ’ set eS . - 
ln - instead; this is the same as RT In ” since in the 


0 
extremely dilute solution the activity is by definition 
equal to the concentration. Now w, must be smaller 
than w,; because of the electrical work expended in order 
to overcome the attraction of the ion-atmosphere re- 
ferred to above. Representing this electrical work by 
w,, we may write 


We = Wi We ‘ 


or, substituting the above values for w, and w,, 








RTin® = RTIn*’ — wy. 
Co Co 


This is equivalent to 
RT Ina — RT Ino = RTIinc — RTIna — w, 


from which we readily obtain 


RTin® - —We- 
c 


a 
But : is by definition the activity coefficient of the ion 


in question. Hence it is evident that 
We 
ln f = RT 


which clearly shows the relation between the activity 
coefficient of an ion and the amount of electrical work 
involved in its removal from its surroundings. 

The Debye-Hiickel theory provides a method of.cal- 
culating, from theoretical principles of electrostatics, 
the nature of the ion-atmosphere and the magnitude 
of the above electrical work term, w,. This is found to 
depend upon the temperature, the dielectric constant 
of the solvent, and the concentrations and charges of 


-all the ions present, in a rather complex way; the exact 


expression need not be given here. It may be pointed 
out, however, that for a given solvent at a fixed tem- 
perature, in the limiting case of a very dilute solution, 
a comparatively simple equation for the activity co- 
efficient of an ion may be obtained, namely 


log fin = —Ke* Vu. 


Here K is a constant whose value for aqueous solutions 
at 25°C. is almost exactly 0.5, z is the valence of the 
ion in question, and yw is a quantity which has been 
called the “‘ionic strength”; its value is found by mul- 
tiplying the concentration of each ion present by the 
square of its valence, adding the products together, and 
dividing the sum by two. (In the case of a uni-uni- 
valent electrolyte present in solution alone, the ionic 
strength is evidently identical with the concentration.) 
For the activity coefficient of a salt dissociating into 
two kinds of ions, of valences 2, and 2, respectively, 
the corresponding equation is 


— Kuz, Vp 


It will be noted that the form of this equation is con- 
cordant with the qualitative statements which were 
made above with regard to the dependence of the ac- 
tivity coefficient upon the concentrations and valences 
of the ions present. In fact, the Debye-Hiickel theory, 
in the form of this simple limiting equation, has been 
strikingly successful in accounting quantitatively for 
the behavior of strong electrolytes in very dilute aque- 
ous solutions, and this agreement has come to be gen- 
erally accepted as evidence for the validity of the hy- 
potheses on which the theory is based. For higher 
concentrations it becomes necessary to modify the 
equation in order to take account of the sizes of the 
ions and the change of dielectric constant with con- 


log feat = 
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centration; at present these corrections must still be 
regarded as scarcely more than empirical. 

Many aspects of the newer theories of electrolytes 
obviously belong to the fields of physical and electro- 
chemistry, so that the presentation that has been out- 
lined in this article constitutes no more than an intro- 
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duction to the subject. The attempt has been made, 
however, to show that a clear and consistent picture 
of electrolytic dissociation, according to the modern 
viewpoint, may be developed in a manner intelligible 
to the general chemistry student, without including 
anything that he would have to unlearn later. 
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PREPARATION OF UNKNOWNS IN QUALITATIVE ANALYSIS* 


J. L. McKEE 
Royal Military College of Canada, Kingston, Ontario 


ONE OF the problems in arranging laboratory work 
in qualitative analysis is to make each student’s assign- 
ment of work of equal difficulty. This cannot be done 
for a single set of unknowns, limited to the ions of two 
or three groups, but a series of sets can be selected of 
approximately equal difficulty. The illustration shows 
a section of a chart used for this purpose at the Royal 
Military College. Sets are indicated by letters, series 
of sets by Arabic numerals, and groups of cations by 
Roman numerals. Each student works through a set 
having the same number—A1, B1, C1, etc. 


USE OF THE CHART 


Bottles for each student are labeled and arranged in a 
straight row. All the bottles to contain the first ion are 
then drawn to the front, and 10 cc. of the solution of this 
ion is measured into them. They are then returned to 
their places and the bottles to contain the second ion are 
treated in the same way. When the set is completed 
each bottle should contain the same volume of solution. 
Any error in filling is thus easily detected when the last 
ion is added. If it is desired to give varying amounts 


of the different ions, the volume of each solution to be 
added is marked on the chart, but the total volume for 
each sample bottle should be the same. 


* Presented at the Section of Chemical Education, Canadian 
Chemical Convention, Toronto, June, 1934. 


This procedure 


has been found to be very much quicker than the 
method of preparing each unknown separately, and 
there is much less chance of error. If time permits, 
it can be arranged that each student gets every ion at 
least once during the course. 

CaTION SOLUTIONS 





I II 1 2 3 4 5 6 7 8 





Ag Ag Ag 

Pe Pb Pb 

Hgous Hg 

As As As As 

Sb Sb Sb Sb 
Sn Sn Sn 


Cd Cd Cd Cd 
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Sn Sn Sn Sn 
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Bi Bi Bi Bi 

Cd Cd Cd Cd 

Zn Zn Zn Zn 
Al Al Al Al 

Cr Cr Cr ce 

Ni Ni Ni 


Mn Mn Mn Mn 























The KINETIC-MOLECULAR THEORY 
and ITS RELATION to HEAT 


PHENOMENA’ 


JOHN A. TIMM 


Yale University, New Haven, Connecticut 


A qualitative understanding of the kinetic-molecular 
theory and its relation to heat phenomena is essential to 
genuine mastery of the principles of elementary chemistry. 
Such an understanding can be readily imparted to students 
of general chemistry. The effort expended to this end 1s 
repaid immediately in greater achievement in the elemen- 
tary course, and later by reason of the solid foundation 
thus laid for advanced study. 


+++ ++ + 


‘ 


’ HE molecules of a gas are perfectly elastic.”’ 
I wonder how many of our students lose faith 
in the theoretical side of science when they are 

asked to accept this statement so contrary to their ex- 
perience and repulsive to their common sense. Drop 
a tennis ball. Is its collision with the earth a perfectly 
elastic one? Does it, therefore, rise to the same height 
from which it fell? Never has there been a single in- 
stance of such behavior in the experience of any one of 
our students. Yet soon after they have been persuaded 
to accept the existence of molecules, which no human 
eye can ever see, we endow these nonentities with per- 
fect elasticity. Here the splendid opportunity to re- 
move the student’s skepticism by explaining the nature 
of heat energy is neglected in the average general chem- 
istry course. 

No chemistry teacher can ignore the importance of 
thermodynamics and of statistics to his science. If 
the general chemistry course is to serve as a fair intro- 
duction to the study of the science of chemistry so that 
its students may intelligently decide whether or not 
they desire to make this science their life-long study, it 
must lay the foundations for the courses which follow. 
Paradoxical though it may seem, there are many first- 
rate chemists today who have seldom balanced an oxi- 
dation-reduction equation or carried out a qualitative 
analysis since their undergraduate days but who are 
constantly applying the equations of thermodynamics 
to solve extremely practical problems in our science. 
The application of both thermodynamics and statistics 
to chemistry was well begun long before the end of the 
nineteenth century, so that in this respect the general 
chemistry course, far from being up to date, is definitely 
mid-Victorian. The author is not urging any mathe- 


matical and, therefore, quantitative treatment of either 


* Delivered before the Division of Chemical Edtication of the 
A. C. S. at Cleveland, Ohio, September 12, 1934, in the Sym- 
posium on Modernizing the Course in General Chemistry. 
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statistics or thermodynamics in an elementary course. 
Perish the thought! Such treatment must come later. 
However, the implications which can be drawn from a 
qualitative understanding of the nature of heat energy 
and of its relation to other forms are many and of lively 
interest to the average elementary student. Such 
topics as the ultimate fate of all forms of energy, the 
efficiency of heat engines, and the improbability of per- 
petual motion machines are of great economic signifi- 
cance. 

From a practical standpoint how is this material to 
be introduced? We may not have time to teach all of 
what follows, nor, indeed, may it be expedient to do so. 
However, it will do no harm to consider some of the 
possibilities. At least three postulates of the kinetic 
theory are important stepping-stones to a discussion 
of the nature of heat in particular and of energy in gen- 
eral. The uniform pressure of a gas is explained by 
the postulate that molecular motion is so random that 
on the average the number of molecules moving in one 
direction is the same as the number moving in any 
other. Second, the constancy of the pressure of a gas 
maintained at a constant temperature in a certain 
volume suggests that the molecules are perfectly elastic, 
since no loss of kinetic energy is apparent in spite of 
their countless collisions. Finally, the fact that in a 
constant volume the pressure of a gas varies directly 
as the absolute temperature leads to the definition of 
the latter as a measure of the translational kinetic 
energy of molecules. With these postulates in mind 
the discussion may be led easily to the nature of heat 
and its relation to other forms of energy. 

A history of the development of the concept of energy 
and of establishment of the law of its conservation is 
interesting to elementary students. The classic con- 
tributions of Count Rumford, Sir Humphry Davy, 
Joule, Lord Kelvin, and von Helmholtz have definite 
inspirational value. However, it is doubtful if time 
can be spared for this purpose. The fundamental 
nature of the various forms of energy must, neverthe- 
less, be explained. The various forms of kinetic energy 
may be defined in terms of the motion of different de- 
grees of subdivision of matter. Thus, mechanical 
energy is that of a moving state of matter, solid, liquid, 
or gaseous; heat energy, that of molecular motion; and 
electrical energy, that of moving electrons. Whenever 
energy is freed entirely of matter, it moves with a char- 
acteristic velocity through space and becomes radiant 
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energy. The various forms of potential energy are 
best related to the three types of action-at-a-distance 
upon which they depend. These three types are gravi- 
tational, electrical, and magnetic. The fact that every 
two bodies in space tend to move toward each other is 
the well-known phenomenon, gravity. The cause of 
this tendency is unknown. Man likes to explain this 
action-at-a-distance by assuming that some force is 
pushing, or, perhaps, pulling the two bodies together. 
The agent which exerts the force of gravity has yet to 
give any independent evidence of its existence, so that 
in employing the concept of force to explain the gravi- 
tational tendency man is guilty of inventing a concept 
to satisfy some mental inclination to visualize the 
mechanism of the process. ‘The tendency of electrically 
charged bodies to move toward or away from each 
other, depending upon whether their charges are unlike 
or like, is another familiar example of action-at-a-dis- 
tance, as is the tendency of unlike poles of two magnets 
to move together and of like poles to move apart. 
These three forces, gravitational, electrical, and mag- 
netic, vary inversely as the square of the distance be- 
tween the two bodies involved. 

Due to the gravitational tendency, work must be 
done, or in other words energy must be expended, on 
two bodies when they are moved apart. This energy 
is absorbed by the two bodies as they are being sepa- 
rated. When they finally come to rest, they possess 
energy due to their respective positions relative to each 
other. Such energy is called potential energy. The 
gain in potential energy by the bodies is exactly equal 
to the energy required to pullthem apart. Ina similar 
manner, potential energy is acquired when work is done 
against electrical and magnetic forces. The forces of 
attraction between molecules are partly gravitational, 
partly electrical, and partly magnetic. They make 
possible the possession of potential energy by the mole- 
cules in amounts which become greater when the mole- 
cules are moved apart and less when they come nearer to- 
gether. An expanding gas absorbs heat energy, convert- 
ing it into potentialenergy. For the same reason energy 
is absorbed when a liquid evaporates, since this process 
involves a separation of the evaporating molecules 
from their fellows. The heat absorbed in this way is 
the heat of vaporization. The reverse changes must, 
of course, liberate potential energy as one of the forms 
of kinetic energy. 

The student is now in a position to consider the 
unique nature of heat. Of all forms of kinetic energy, 
heat alone consists of unordered motion. The mechani- 
cal energy of the wind blowing against the sails of a ship 
or driving a windmill, the expansion of steam against 
the piston head of a steam engine, the energy of flowing 
water, that of a rotating engine fly-wheel or of electrons 
flowing through a wire is due in each case to directed 
motion. Heat, the energy of molecular motion, alone is 
unordered. At any instant within a gas a chaos of 
motion exists. Under standard conditions every cubic 


centimeter contains 27 million, million, million mole- 
cules moving at average velocities of nearly a mile a 
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second. At a given temperature all freely moving 
molecules, regardless of kind, have the same average 
translational kinetic energy—the law of equipartition 
of energy. Since the kinetic energy of a moving par- 
ticle varies as the product of its mass by its velocity 
squared, at a given temperature the average* velocities 
of different kinds of molecules will vary as the square 
roots of their masses—really another way of stating 
Graham’s law of effusion. The average velocity of 
the oxygen molecule at 0°C. is 425 m. per second, 
whereas that of hydrogen, one-sixteenth as heavy, is 
four times as great. Each oxygen molecule on the 
average collides with its fellows several hundred thou- 
sand million times a second under standard conditions 
and moves an average distance of a hundred thousandth 
of a centimeter between collisions. This random mo- 
tion results in a uniform distribution in space of mo- 
lecular velocities and in the uniform pressure which the 
gas exerts on every surface exposed to it. That the 
pressure of a gas in a given volume and at a constant 
temperature remains the same indefinitely is the best 
evidence that molecular kinetic energy is not converted 
into other forms by collisions between molecules. 
Such collisions are, therefore, between perfectly elastic 
bodies. They permit the only type of perpetual motion 
possible: the unordered motion of freely moving par- 
ticles. 

The kinetic theory has been extended to liquids, and 
here conditions below the surface are much the same as 
in gases. The molecules are more closely packed, 
their mean free path is mtich shorter, but within the 
liquid each molecule is free to move in the same un- 
hampered way. Intermolecular forces of attraction 
between individual molecules are greater because of 
closer proximity, but these cancel out when the single 
molecule is uniformly surrounded by its fellows. 

At the surface conditions are unique since here the 
molecules are not uniformly surrounded and tend to 
move together; that is, toward the inside of the liquid, 
producing a surface tension. In this respect alone 
liquids differ essentially from gases. Now the law of 
equipartition of energy applies to all systems of freely 
moving particles. Hence at the same temperature a 
water molecule in the liquid state has the same average 
translational kinetic energy as a molecule of gaseous 
hydrogen. 

In the solid state molecular motion for any distance 
in a straight line is out of the question, since the atoms 
or molecules occupy fixed points in a crystal lattice. 
However, even under such conditions the constituent 
particles vibrate at these fixed points in the crystal 
structure in the unordered manner characteristic of 
molecular motion in gases and liquids. 

At this point it is desirable to illustrate with lecture 
experiments the type of motion characteristic of mole- 
cules, and the Brownian movement affords excellent 





* More strictly the root-mean-square velocity; that is, the 
square root of the average of the velocity squares, since the av- 
erage kinetic energy is proportional to the average of the 
squares of the velocities. 
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material for such experiments. The classical experi- 
ments of Jean Perrin should also be called to the stu- 
dent’s attention. By a process of fractional centrifugali- 
zation he was able to obtain colloidal suspensions of 
gamboge and gum mastic in water in which the sus- 
pended particles were of the same mass. By direct 
observation under an ultramicroscope he could deter- 
mine their velocity, and hence calculate their kinetic 
energy. The results of his calculations were astound- 
ing. Particles, varying in mass from 60,000 to 1, he 
found not only had the same average kinetic energy 
but also that the latter was identical with the kinetic 
energy of gas molecules at the same temperature. 
One of his largest particles was some one hundred 
thousand million times as heavy as the hydrogen mole- 
cule. Yet each had the same kinetic energy—a truly 
remarkable extension of the law of equipartition of 
energy. 

We now come to a consideration of temperature. 
The various thermometric scales were devised long be- 
fore the true nature of heat energy was fully under- 
stood. All were defined in terms of the properties of 
one substance, water. The modern theory conceives 
of temperature as a measure of the translational kinetic 
energy of molecules. On this basis although there can 
be no upper limit to the temperature to which a sub- 
stance may be heated, there must necessarily be a lower 
limit. There can be no temperature when molecular 
motion ceases. A body whose molecules have stopped 
moving is absolutely cold. This is the absolute zero 
on the true, or thermodynamic, scale. 

The most direct evidence we have of molecular mo- 
tion is the pressure of gases. This pressure, therefore, 
is one of the most accurate means of measuring tem- 
perature. The absolute temperature scale has been 
defined in such a way that it is directly proportional 
to the pressure which the perfect gas exerts in a con- 
stant volume. This, in turn, is proportional to the 
total translational kinetic energy of its molecules. 
For a given amount of gas the latter depends on the 
average translational kinetic energy of the individual 
molecules. Hence the absolute temperature is a di- 
rect measure of the energy of translatory motion of 
molecules. 

In this definition of temperature nothing is inferred 
as to the intensity of heat; that is, the quantity of heat 
energy per unit quantity of material. The hypotheti- 
cal, ideal gas consists of molecules which are points in 
space between which there are forces neither of attrac- 
tion nor repulsion. Such a gas would never liquefy 
and would obey the gas laws however low the tempera- 
ture or high the pressure. Of the known gases helium 
approaches nearest to this ideal. In a constant volume 
gas-thermometer, the pressure of helium is the most 
accurate measure of the true temperature. The change 
in temperature of a substance is related to the amount 
of heat it absorbs. For the ideal gas all of this heat 
goes to increasing the translational kinetic energy of 
its molecules, of which the temperature is a measure. 
We can easily calculate from the kinetic theory that 
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three calories of heat are necessary to raise the tempera- 
ture of a mol of the ideal gas one degree at constant 


volume. Monatomic gases like helium have molecular 
heats exactly equal to this theoretical value. All the 
heat supplied goes to raising the translational kinetic 
energy; that is, the temperature. The molecular heat 
at constant volume of gases like hydrogen, oxygen, and 
nitrogen, which are composed of diatomic molecules, is 
nearly five calories. Here only */; of the heat absorbed 
raises the temperature. The remainder is distributed 
within the molecules themselves. Here it exists as the 
kinetic energy of the two atoms vibrating and rotating 
with respect to each other. As the complexity of the 
constituent molecules increases, that portion of the 
heat absorbed which raises the temperature decreases. 
Less than !/, of the heat absorbed by the molecules of 
benzene vapor is used to raise the temperature. Fur- 
thermore, if these changes are allowed to take place at 
constant pressure, they will be accompanied by a vol- 
ume increase, and a considerable portion of the heat 
supplied performs the work of expansion against the 
external atmospheric pressure and the internal forces 
of intermolecular attraction. When changes of state 
occur, relatively large amounts of heat are either ab- 
sorbed or emitted at constant temperature. In gen- 
eral, changes like evaporation and melting, which in- 
volve an increase in the average distance between the 
molecules, and absorb heat to do the work of separation 
against intermolecular forces, and, therefore, store it as 
potential energy. Conversely any change involving 
the closer approach of molecules liberates positional 
energy as the kinetic energy of heat. Such a discussion 
may serve as an introduction to a later study of specific 
and latent heats. 

We are now in a position to consider the reason why 
all other forms of kinetic energy degrade eventually 
into heat. The mechanism of the conversion of me- 
chanical energy into heat consists in a conversion of 
directed motion of the object as a whole into the un- 
coérdinated motion of its constituent. molecules. A 
body of water at rest in its container consists of millions 
upon millions of molecules, each of which is moving 
with an average kinetic energy which determines the 
temperature of the water. If, now, this water is al- 
lowed to flow through a siphon into another vessel, a 
certain amount of directed mechanical energy of the 
flowing water is superimposed on the uncodrdinated 
thermal energy of the molecules. As the water flows 
through the siphon, friction develops between the water 
molecules and the walls of the tube and a portion of the 
directed mechanical energy of the body of water mole- 
cules as a whole is scrambled, loses its direction, and 
becomes heat. The rest of the mechanical energy is 
converted into heat when the water comes to rest in 
the lower vessel. The temperature of the water, the 
siphon tube, and the lower vessel will be raised, due to 
the heat energy into which the mechanical energy of the 
falling water is changed. Whenever collisions occur 
between objects of visible size, the resulting impacts 
scramble a portion of the regimented molecular motion 
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of the colliding bodies and friction occurs. The kinetic 
energy of a single molecule, however, is entirely heat 
energy. When two molecules collide, no scrambling 
of translational energy can occur and the collision must 
be frictionless. Hence molecules are perfectly elastic. 

When the temperature of a body is greater than that 
of its surroundings, part of its thermal energy may be 
converted into other forms. Heat usually passes spon- 
taneously from the hotter body into its surroundings 
until the temperature of the two is the same, but in 
this process no other form of energy is produced. How- 
ever, it may also be allowed to pass through a suitable 
machine in which the directed flow of thermal energy is 
converted into some other useful form of kinetic energy. 
To utilize all the thermal energy of a body, its tempera- 
ture would have to be reduced to absolute zero. No 
engine has ever been devised which can do this. The 
best an engine can do is the quantitative conversion 
into mechanical energy of the heat which is liberated 
when the temperature of a body is reduced to that of 
its surroundings. If we consider a body cooling with- 
out change of state from 100° to 0°C., that is, from 373° 
to 273°A., only 1/373 of the original thermal energy 
of the hot body may be converted into useful work. 
Furthermore, this could only be accomplished by a 
hypothetic engine working under perfect conditions. 
Practically no heat engine has ever approached this 
efficiency. The higher the initial temperature of the 
heated body and the cooler its surroundings, the 
greater the efficiency with which its thermal energy can 
be converted into mechanical energy by a heat engine. 
For this reason mercury boilers are much more efficient 
than those which depend on the thermal energy of steam. 

Once the temperature of an object is the same as that 
of its surroundings, the thermal energy which it still 
possesses cannot be made available for useful work. 
Such a process would involve bringing order out of 
chaos. If some process could be devised whereby all 
the molecules of a body could be made to move in one 
direction only, then a quantitative conversion of ther- 
mal into mechanical energy would result and the body 
as a whole would acquire mechanical energy equal in 
amount to the total kinetic energy of its molecules. 
Since all of its molecules would then be moving in one 
direction only, the body would be at absolute zero. 
No one has ever been able to devise such a process. 
Of course, there is always the chance that, if left to 
themselves long enough, all the molecules might be 
found at some instant to be moving in the same direc- 
tion, since their motion is entirely random. This 
chance is so remote, because of the billions of molecules 
in an object of any size, as to be, to say the least, ex- 
tremely improbable. 

The possibility of the invention of a perpetual mo- 
tion machine has always intrigued mankind. Many 
credulous people have invested and wili continue to in- 
vest their good money in schemes to promote the manu- 
facture of such machines. No one who understands 


the peculiar nature of heat and its relationship to other 
forms of energy could ever be so gullible. 


The first 
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law of thermodynamics, our old friend, the law of con- 
servation of energy, does not deny the possibility of 
such machines. We may imagine a supply of water in 
an elevated reservoir possessing a certain amount of 
potential energy. It could be allowed to flow through 
a water-motor to a lower reservoir and in so doing its 
energy would be transferred to the rotating paddle- 
wheels of the motor. These in turn could pass the 
energy on to a water-pump which would complete the 
cycle of pumping the water back te. the higher reser- 
voir. Nothing in the first law prohibits the perpetual 
operation of such a system, but the second law predicts 
its extreme improbability. For frictionless conversion 
of one form of energy into another is a practical impos- 
sibility and friction involves a destruction of useful 
ordered motion. Thermal conduction soon adds 
heat developed by friction to the tremendous store of 
useless thermal energy. This is the ultimate fate of 
all energy on this earth. 

The future of all civilization on the earth lies in the 
fate of its energy resources. For countless ages radiant 
energy from the sun has been stored by plants as po- 
tential energy in the chemical compounds of their tis- 
sues. Part of this energy is available to us in the form 
of coal, petroleum, and natural gas. Continually 
water is being pumped from sea-level to the mountain- 
tops and the highlands by energy from the same vital- 
izing sun. These are the sources of energy which sci- 
ence has developed as food for the machinery of civili- 
zation. In so far as water power is harnessed to do the 
work of the world, the result is pure gain on the eco- 
nomic balance sheet of energy. But this power is not 
enough. We must draw on our capital supplies of coal, 
that priceless heritage of the ages. Science has proved 
of inestimable value in conserving natural resources 
by pointing out more efficient methods of utilization. 
But she has as yet developed no means of restoring the 
energy which civilization must use. 

In conclusion may I quote from a little book by Soddy, 
called ‘‘Matter and Energy’”.* I have found it of great 
value as collateral reading for elementary students 
when the subject we have been discussing is studied. 

Sooner or later, but certainly not indefinitely later, nothing 
known will remain to supplement the natural rate of supply of 
energy, save the primary stores of atomic energy on.the one 
hand and the waste heat of uniform temperature on the other— 
a state of things that might be aptly represented by the proverb 
of the devil and the deep blue sea, so far as any existing knowledge 
goes. It is probable that the first of these alternatives is the 
less hopeless, and that the problem of artificial transmutation 
will in the future come to be regarded, no longer in the light it was 
a few years ago, as an impossible chimera surviving from the dis- 
creditable epoch in which the science of chemistry originated, 
but as the final phase of the agelong conflict of interests between 
Nature and Man. Success would remove forever the physical 
limit to the continuous advance of progress, and would endow it 
with a permanent significance which at present it does not pos- 
sess. Failure, on the other hand, would mean a gradual future 
relapse of the race into a more primitive condition, and the loss 
of much, if not most, of what distinguishes life today from that 
of our unscientific ancestors. 


*Soppy, F., “Matter and energy,’’ Henry Holt and Company, 
New York City, 1912, p. 249. 
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BOUT 90 per cent. of rosin consists of acids 

(1a, 5a). A better knowledge of the properties 

of these acids holds the key to a better under- 

standing of rosin itself. It is the acid and consequent 

salt- (soap)-forming properties that make possible its 

use in soap and paper size, two major industrial outlets 

for rosin. The ester-forming properties extend ma- 

terially its usefulness in varnish, another important 
industrial outlet. 

Rosin has often been hailed the world’s cheapest and 
most abundant source of organic acids. To obtain 
these acids in a reasonable state of isomeric purity, 
however, is another matter. 

Contrary to prevailing belief, rosin is not primarily 
abietic acid, nor does abietic acid, strictly speaking, 
constitute the bulk of the acids present (20). The 
original oleoresin or “gum” apparently contains no 
abietic acid. 

What is the composition of fresh ‘‘gum’’ or oleoresin? 
How does it differ from the rosin obtained from it? 
What happens to the constituents of gum during the 
process of steam distillation in ordinary practice? 
What is the mechanism of resin acid formation? 

For a hundred years or more these questions have 
received study, principally abroad (75+). While much 
information has already been accumulated, a great deal 
remains to be done. 

No consideration will be given here to the changes 
which the limpid secretion fresh from the tree undergoes 
in the formation of the more viscous ‘‘gum,”’ or to the 
various theories [Aschan (2), Dupont (18)] relating to 
resin acid formation. 

In this paper it is proposed to deal with this gum 
product only in the form it takes after it has stood a 
while, the form in which it finds its way into the still for 
the preparation of turpentine and rosin, confining our- 
selves further to the non-“spirits” part, that is, the 
portion which is not volatile with steam at atmos- 
pheric pressure, and its product of conversion, rosin. 

Like rosin, the non-volatile part of the gum consists 
principally of a mixture of acids (about 90 per cent.) 
(48). The rest, about 10 per cent., consists of neutral 
bodies only very vaguely characterized, small quanti- 
ties of esters, sesquiterpenes, oxidation products, and 
components yet to be identified. Recently a long- 





* Presented before the Division of Agricultural and Food 
Chemistry (Symposium on Naval Stores), St. Petersburg meet- 
ing of the American Chemical Society, March 25-30, 1934. 
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chain paraffin hydrocarbon, n-heptacosane, has been 
found in our longleaf (Pinus palusiris) gum (3). 

It soon became obvious that the non-volatile part of 
the gum was relatively complex, that it did not lend 
itself well to separation into distinct entities, that nearly 
all the acid products isolated were characterized by 
instability, that the properties of these acid products 
varied over a wide range depending on the conditions 
of experiment, but that they all showed the same ele- 
mental composition (C2oH 3902). 

Space will not permit a complete review of the specific 
contributions of the numerous pioneer investigators 
beginning with Braconnot in 1808 (75), who was 
probably the first to call attention to the acids of rosin. 
The literature that has accumulated since then on the 
composition of pine oleoresin, of rosin, and of the vari- 
ous acids alleged to have been obtained from these is 
voluminous. In most instances, because of the diffi- 
culties involved in their isolation, the acids reported in 
the early literature represented mixtures of isomers 
rather than individual compounds, and the miscellane- 
ous nomenclature that developed, owing partly to the 
different species of pine involved, added further to the 
confusion. The great difficulties in isolating the 
individual acids account for differences in properties of 
even the supposedly pure acids reported by different 
authors, as may be seen from Table 2. 

One must interpret broadly, therefore, the reported 
findings of the various early authors, such as the prod- 
ucts obtained by Baup in 1826 (6) from Pinus abies to 
which he gave the name ‘“‘abietic’”’ acid, the so-called 
“pinic’”’ and ‘‘sylvic” acids of Unverdorben (72), from 
both P. sylvestris and P. abies, the ‘‘sylvic” acid of 
Trommsdorf (1835) (70), the ‘‘pimaric’”’ and ‘‘pyromaric’”’ 
acids of Laurent (36), or even the more recently re- 
ported ‘“‘pinabietic’” acid of Aschan (1b) which is 
apparently identical with the abietic acid of Levy. 

It is not until one comes to the later authors, Sie- 
wert (68), Fliickinger (8), and particularly Vester- 
berg (74), that one begins to recognize individual com- 
pounds such as dextro- and levo-pimaric acids, and to 
see a sharp distinction drawn between the primary or 
“gum” acids and their isomerized products, the rosin 
acids. 

Kohler (38) and Schulz (67) were probably the first 
to prepare abietic acid, the best known of these acids, 
in a high state of isomeric purity, and this acid is often 
referred to as the /-abietic acid of Schulz. Tschirch 
(71) was one of the earliest investigators to attempt a 
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classification of these acids on the basis of chemical 
behavior. 

It is not until one reaches Kéhler’s scheme of classi- 
fication (39), however [later modified by Duffour and 
Dupont (48)], that one begins to get a rational under- 
standing of the interrelationship of the various acids 
involved. 

The Kohler scheme, as a whole, seems to harmonize 
better with the information developed by later investi- 
gators than the complicated scheme proposed by 
Tschirch (71), which depends upon fractional extrac- 
tion with various agents, or the three-class system sug- 
gested by Aschan (1a), some aspects of which will be 
taken up presently. 

In the Kéhler scheme two main classes are recognized 
(see Table 1): (@) the gum acids, termed “primary,” 
“oleoresins,”’ or “resin acids,” and (6) the rosin or 
Colophonic acids, those acids to which the primary are 
converted by heat or by treatment with mineral acid. 
Each of these classes consists of a series of isomeric, 
isomorphous acids. 

The complications arising from their isomorphous 
character and their behavior on crystallization have 
been recently illustrated by Georgi (30). 

Resin Acids: In the French P. pinaster (13) and 
likewise in our American P. palustris (3, 47), two gen- 
eral groups of primary acids showing rather marked 
differences in properties have been isolated, the pimaric 
and the sapinic acids, the latter predominating. To 
the latter class belong also the “‘pinic’’ and “alepic”’ 
acids obtained by Dupont (15) from the simpler oleo- 
resins, P. halepensis and P. pinea, respectively. 


TABLE 1 


CLASSIFICATION OF RESIN AND ROSIN ACIDS 
(Kohler, Duffour, Dupont) 
A. Resin (Primary) Acids: 
I.  Pimaric acids 
(a) a-pimaric (dextro) 
(6) §8-pimaric (levo) 
II. Sapinic acids 
(a) a-sapinic (levo) 
(b) §8-sapinic (levo) 
B. Rosin Acids: 
I. Levoabietic acid (Schulz) 
II. Intermediate acids 
(a) Pimarabietic 
(b) Sapinabietic, etc. 
III. Pyroabietic acids (Dupont, et al.) 
(a) a-pyroabietic (dextro) 
(b) 8-pyroabietic (levo) 

Of the two classes of primary acids, the pimaric are, 
in general, more stable (19). In fact one of them, 
dextro-pimaric acid, which constitutes but a small pro- 
portion of longleaf gum (3, 47), is exceedingly stable, 
can even be distilled (at low pressure) without change 
(48). The other acids, /-pimaric (lst group) and 
particularly the sapinic acids (2nd group), undergo an 
isomeric change readily, leading to abietic acid (16) or, 
when heated sufficiently, to ‘‘pyroabietic” acids (21, 26). 

Rosin Acids: The isomerization of the primary acids 
may be brought about by the action of mineral acids, 
as in the methods used by Siewert (1), Fliickinger,* 
Schkateloff (66), and Steele (69); by heat treatment, as 





* Methods discussed by Dupont and Uzac (23). 
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by the methods of Kable,* Schkateloff,* Ké6hler,* 
Levy (44), Ruzicka (60), and Dupont and Uzac (23), or, 
as has recently been shown, by the action of ultra- 
violet light (77). 

It is transitions due to heat with which one is con- 
cerned when dealing with the ordinary steam distilla- 
tion of gum. Despite their apparent complexity, the 
acids exhibit a simplicity of behavior, for with the 
exception of dextro-pimaric acid the primary acids are 
all convertible in part to the one /-abietic acid of Schulz 
(23, 48). This does not occur directly, however, as the 
transition is complicated by the formation of intermediate 
forms, all of which are doubtless present in rosin. In 
rositi, therefore, not all, or even the major part (20), of 
the total acid is abietic, but rather there is a mixture of 
acids im various stages of transformation, a complexity 
which doubtless accounts for the vitreous character of 
rosin. 

The course of transition of the primary acids to the 
products of isomerization (the acids of rosin) and the 
way in which these add to the complexity of the com- 
position of rosin, has been illustrated diagrammatically 
by Vezes and Dupont (75d) as in Figure 1.T 





—amt> Tinnh a 
—> TU g 


Dextropimaric acid 
/= Pyroabietic acid 


Levopimaric acid—> a-Pimarabietic \, 

a-Sapinic acid — a-Sapinabietic—> Abietic acid 
B-Sapinic acid — §-Sapinabietic 7 
\\g-Pyroabietic acid 
FIGurRE 1 


While the intermediate acids have not been isolated, 
their existence has been definitely shown by following 
the course of isomerization of the primary acids in 
alcoholic solution with HCl. As may be seen in the 
rotation curves for levo-pimaric (14) and alepic acids 
(17) (curves No. 2 and No. 3, Figure 2), taken from the 
publication by Dupont, an abrupt drop in rotation 
takes place in each case, below that of abietic acid 
[a]> —101, followed by a gradual rise approaching 
that of levoabietic acid. 

The very stable a-pimaric or dextro-pimaric acid 
(curve No. 1) does not isomerize, as may be seen from 
the diagram. 

With abietic acid, as with the other acids, much 
confusion has arisen with regard to its individuality, its 
identity as obtained from various sources, its relation- 
ship to the partly isomerized resin acids, and its rela- 
tionship to the ‘‘pyroabietic” acids. This isomeriza- 
tion is brought about by prolonged heating (for approxi- 
mately 100 hours), and is accompanied by pyrolytic 
decomposition (curve No. 4, Figure 2). 

Aschan (1b) suggests a more comprehensive system 
of classification than that of Kéhler-Duffour-Dupont 
(Table 1). To what extent the amplification by Aschan 
may further rationalize the information will depend 
largely upon what differences in the character of the 
isomerization products are shown to be brought about 
by heat on the one hand and mineral acid treatment on 
the other. 


t This has been amended to include the pyroabietic acids, 
the existence of which has only recently been recognized (26). 
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In the Aschan scheme, three major classes are 
recognized : 

(a) The naturally occurring resin acids (native 
‘‘Harzsduren”) which include two groups, the pimaric 
and the sapinic acids. 

(b) The rosin acids (“‘Kolophonsduren’’). These are 
confined to isomerization products from sapinic acids 
and are produced by heat only. 

(c) The sylvic acids (‘‘Sylvinsduren’”’) produced by 
isomerization of the other acids through chemical 
means only. 
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FIGURE 2.—ISOMERIZATION OF RESIN AND RosIN AcIDS 


In the last-mentioned class a further distinction is 
drawn between the acids resulting from mineral acid 
treatment, “‘eigentliche Sylvinsduren,” and the ‘‘Isosyl- 
vinsduren,” those acids resulting from splitting off of 
hydrohalide or water from the corresponding addition 
compounds. 

A, distinction is also drawn between sapinic acids 
that have received a mild heat treatment (‘‘Jsopinin- 
sauren’”’), placed in Class (a), and those that have 
received drastic heat treatment, placed in Class (0). 
In the latter a further distinction is made between 
those that were heated to 200° (‘‘Isopimarsduren’’) 
and those heated to about 250° (‘‘Abietinsduren’’). 


PROPERTIES AND REACTIONS OF THE RESIN AND ROSIN 
ACIDS SUMMARIZED 


All the acids are soluble, in varying degrees, in most 
organic solvents. When crystallized from solution they 
tend to come out together (7. e., they are isomorphous). 

All the acids, either as such or in solution, are sus- 
ceptible in varying degrees to oxidation as well as to 
isomerization, the pimaric acids being more stable than 
the sapinic; d-pimaric acid does not isomerize. Oxida- 
tion once started is hastened by autocatalysis (22). 
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In the rosin-acid class, the pyroabietic acids are much 
more stable than /-abietic and the intermediate acids. 
They all form salts or “soaps” soluble in organic 
solvents, but only those with ammonia and the alkali 
metals are soluble in water. Sodium salts of pimaric 
acids are crystalline; those of sapinic are not. 

Abietic and pyroabietic acids crystallize readily from 
organic solvents, but their salts (neutral) do not under 
ordinary conditions.* /-Abietic acid, however, gives a 
crystalline complex CigH29COONa-3C29H3902 from alco- 
holic solution, when the calculated quantity of sodium 
hydroxide is used (20). The common empiric formula 
for these acids, first suggested for abietic acid by 
Fremy (28) in 1835, and definitely established by 
Levy (46), is CooHs9Oe. 

Abietic acid has been shown to be present in rosin in 
the form of the acid and not as an anhydride (48). 
Two forms of the acid, however, have been shown to 
exist (48): (1) the anhydrous form C2H302, and (2) 
the hydrated form (C2oH302)4*H:O. An anhydride, 
(CisH2pCO)20, prepared by Fonrobert (27), possessed 
physical and chemical properties distinctly different 
from those of the acid. They are all optically active. 
Data on their rotations and melting points are given in 
Table 2. 

TABLE 2 


ROTATION AND MELTING POINT OF RESIN AND ROSIN ACIDS 




















Rotation Melting 
(alcoholic solution) Point Author 
[a]}*S + 59.7° 211° Ruzicka (54) 
d-Pimaric [a]Jp + 79.3° 213° Balas (3) 
Acid lalz + 63.5° 211-212° Dupont (13) 
[a]? + 77° 218-219° Palkin and Harris (47) 
[e]J —279.2° 148-151° Ruzicka (53) 
l-Pimaric Acid [a]p —280.4° 150° Balas (3) 
[a]y ‘—282,.4° 150-152° Dupont (13) 
[a]7? —290.7° 150-152° Palkin and Harris (47) 
a-Sapinic Acid [a]; -—100° 140° Rouin (48) 
B-Sapiniic Acid [a]; — 66.2° 144° 
[a]lp — 68-9° 156-160° Ruzicka and Meyer (60) 
l-Abietic Acid [a]y —100.1-105° 172-173° Dupont and Uzac (23) 
[e]p — 96.9° 173° Schulz (67) 
(“Pinabietic’) [a]p — 59.6° 181-183° Aschan (1d) 
[a]p —104° 172-176° ~Palkin and Harris (47) 
[aly —110.5° 
[elp + 53° 1%#1-173° Schulz (67), Fanica (26) 
a-Pyroabietic [a]; + 51° 155-159° Dupont and Dubourg 
Acid (21) 
[a]y + 60° 172-173° Fanica (26) 





Abietic and d-pimaric acids form derivatives charac- 
teristic of terpenes (lc), such as nitrosylchlorides, 
nitroso compounds, nitrosites, and nitrosates. They 
are true monocarboxylic acids, giving esters [alkyl, 
glyceryl, etc. (48, 37)] and acid chlorides, with PCl; 
(41). Esters of abietic acid, particularly the glyceryl, 
have found considerable use in varnish-making (50). 
Heated to 280° to 300°, the acids decompose into hydro- 
carbons with the elimination of CO:, giving abietene 
from abietic (60) and J/-pimaric acids (54), and d- 
pimarene (5?) from d-pimaric acid. 





* Some neutral salts of abietic acid have been crystallized from 
anhydrous alcohol under special conditions (19). 
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On dehydrogenation with sulfur or selenium, abietic 
acid and the resin acids capable of forming abietic acid 
under the conditions of the experiment are converted 
to retene,* 1-methyl-7-iso-propyl phenanthrene (61) 
(see III, Figure 3) as follows: CopH302. + 5S —> 
CisHig + CH;3SH + 4H2S + CO, d-Pimaric acid 
under similar conditions is converted to pimanthrene, 
1,7-dimethyl phenanthrene (52), (IV, Figure 3). All 
these hydrocarbons, abietene, d-pimarene, retene, and 
pimanthrene, are formed during the distillation of rosin 
in the preparation of the ‘rosin oils’ of commerce. 

The acids are all unsaturated, yielding addition 
compounds with halogens, hydrogen, and oxygen (48). 
To their unsaturated character is largely due the sus- 
ceptibility of rosin to oxidation, a matter of consider- 
able importance in the soap and varnish industries. 
With appropriate catalysts, hydrogenation of the acids 
yields both dihydro and tetrahydro derivatives (50, 
54, 59, 60). Hydrogenation as a means for stabilizing 
rosin will doubtless assume industrial importance in the 
course of time, 

With maleic anhydride, abietic acid forms a con- 
densation product (VIII, Figure 3) (51). Such addi- 
tion compounds with rosin derivatives may find 
important application in the varnish, lacquer, and 
plastic industries. 


CONSTITUTION 


Studies on constitution have been almost wholly 
confined to /-abietic and d-pimaric acids. Instability 
of /-pimaric and particularly the sapinic acids (the 
latter constitute the bulk of the primary acids in the 
various gums) (48) has thus far imposed insurmount- 
able difficulties in the study of their structure. The 
pyroabietic acids, because of their stability, lend them- 
selves well to study but these have only recently been 
recognized as distinct entities. 

The development of the complete structural formulas 
for the two acids, /-abietic (I, Figure 3) and d-pimaric 
(II, Figure 3), was in itself a monumental task covering 
years of experimental work. 

It was not until the series of brilliant researches begun 
by Ruzicka in 1921 in connection with his general study 
of the structure of terpenes that the solution of this 
problem was brought about. Levo-abietic acid was 
shown to be 1,12-dimethyl-7-isopropyl decahydro- 
phenanthrene carboxylic acid while d-pimaric acid was 
shown to be 1,7,12-trimethyl-14-vinyl decahydro- 
phenanthrene carboxylic acid. 

It is not possible in this brief account to give a com- 
plete review of the numerous publications by Ruzicka 
and his associates. 

Earlier speculations on structural formulas include 
those of Bischoff and Nastvogel (7), Fahrion (25), 
Easterfield and Bagley (24), and Virtanen (76). That 
of the latter was supported for a time by Levy, who had, 





* By an improved method (using Pd catalyst) Ruzicka and 
Waldmann (65) obtained a nearly quantitative yield of retene. 
{ A bibliography up to 1928 is included in reference (50). 
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himself, made several notable contributions on the 
constitution of abietic acid (41 to 46). 

Three lines of study of abietic and d-pimaric acids 
have been particularly fruitful: (1) study of their 
degree of unsaturation; (2) the study of the products 
resulting from the Vesterberg dehydrogenation (73) 
with sulfur or selenium discussed above, and (3) study 
of the products obtained by oxidative degradation 
treatment. 

The presence of two double bonds, one more reactive 
than the other, already shown by the addition of halo- 
gen and by catalytic hydrogenation, is further sup- 
ported by the following facts: Ozonization gives tri- 
ozonides (52, 63) of the acids, diozonides of the dihydro 
derivatives, and monozonides of the tetrahydro deriva- 
tives; treatment with perbenzoic acid gives dioxy 
compounds (48, 50). Mild oxidation with potassium 
permanganate gives dihydroxy and tetrahydroxy com- 
pounds (42, 50,62). The presence of two double bonds 
is also supported by data on molecular refraction of the 
ethyl esters (50, 52, 54). The conjugated character of 
the double bonds in abietic acid is evidenced by the 
formation of a Diels and Alder condensation product 






with maleic anhydride (51) (VII, Figure 3). In d- 
CH CH 
0 Ww 
RETENE PIMANTHRENE| 
Hs 
4 CH CHy 
CH 
Ha COOH CH3 COOH 
H3COOH 
HNO3 
COOH CH=CH, 
CHy 
CHy COOH Ry c 
aS cH, 
d-PIMARIC 
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pimaric acid, which forms no Diels and Alder com- 
pound (51), one double bond occupies one of the posi- 
tions indicated in heavy type in formula II, Figure 3, 
while the other is accounted for in the vinyl group. 

From their behavior on dehydrogenation (discussed 
above), these acids are concluded to have a decahydro- 
phenanthrene nucleus to which at least one methyl 
group and an isopropyl group are attached in abietic 
acid and two methyl groups in d-pimaric acid (see 
Figure 3). 

Energetic oxidation of the acids with permanganate 
or with nitric acid is productive of a number of interest- 
ing compounds, particularly the two tri-carboxylic 
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acids: CyHisO¢ (V, Figure 3) and its homolog Ci2HisO¢ 
(VI, Figure 3) (55, 58). These tricarboxylic acids are 
obtained from both abietic and d-pimaric acid since the 
same structure characterizes the first two rings in both. 

Other significant products of oxidation that have 
been isolated from abietic acid are isobutyric acid (42) 
and 1,3-dimethylcyclohexan-2-one (65) (VII, Figure 3). 
The former shows the presence of the isopropyl group; 
the latter establishes the 1,3 relationship between the 
two methyl groups in positions 1 and 12, respectively, 
and supports the conclusion as to the position of the 
second methyl group previously deduced from the 
formation of m-xylol on dehydrogenation of the tri- 
carboxylic acid, C1,HieOs. Structure of the dimethyl- 
cyclohexan-on was proved by synthetic means (65). 

The following oxidation products from d-pimaric acid 
are also significant: acetic acid, one of the products 
obtained from the permanganate oxidation (55), 
formaldehyde obtained by mild ozonization (55a), and a 
dicarboxylic acid (C1sH230,) obtained from the chromic 
acid oxidation of dioxy d-pimaric acid (55), all of which 
support the assumption of the presence of a vinyl 
group. Location of tke latter (attached to Cy) har- 
monizes with the isoprene rule (56). 
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Experiments on the synthesis of alkylphenanthrene, 
carboxylic acids, and other derivatives of these are 
being carried on both here and abroad and may ulti- 
mately lead to a complete synthesis of these acids (4, 9, 
10, 11, 12, 31, 32, 33, 34, 35, 40). 

1-Methyl-7-isopropyl- and 1,7-dimethylphenanthrene 
synthesized by Haworth, et al. (33), were found to have 
properties identical with those of the dehydrogenation 
products retene and pimanthrene, respectively, the 
constitution of which had been previously established 
by Ruzicka, et al. (50, 56). 

Other synthetic products of interest are homopim- 
anthrene (l-ethyl-7-methylphenanthrene) and homo- 
retene (l-ethyl-7-isopropylphenanthrene), prepared by 
Haworth (32). The properties of the latter compound 
correspond with those of the ‘“‘methy] retene’’ obtained by 
Ruzicka by the dehydrogenation of methyl abietene (57, 
64) (in this the carboxyl of the original abietic acid had 
been substituted by methyl), thus confirming Ruzicka’s 
conclusion as to the location of the carboxyl group 
(joined to C,), a matter of conjecture for many years. 

In the formulas for both /-abietic and d-pimaric acids, 
due consideration was given to divisibility of these 
compounds into isoprene units (55, 65). 
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EVENING INSTRUCTION for the. 
CHEMIST aw INDUSTRY 


The Chicago Plan. 


Part II* 


ARTHUR GUILLAUDEU 


Swift & Company, Chicago, Illinois 


HE CHICAGO Section of the American Chemical 

Society codperates with The University of Chicago 

to provide evening instruction in chemistry and 
allied subjects. Starting in 1923, the first lecture 
courses were in physical chemistry and in physiological 
chemistry. At that time several Chicago schools 
offered evening instruction in qualitative and quantita- 
tive analysis and one or two offered organic chemistry, 
but nothing more advanced was available. 

The first objective was to refresh and to bring up to 
date chemists who had graduated some years before 
and to provide evening instruction on the graduate 
level for any who could not attend daytime classes. 

The idea aroused some skepticism and a little opposi- 
tion, but also received much encouragment, so the work 
was continued and in 1926 the Chicago Section agreed 
to sponsor it and The University of Chicago agreed to 
teach the courses with the codperation of the Chicago 
Section. 

This appears to have been the first occurrence of close 
coéperation by a section and a university to provide 
graduate instruction for the employed. Both the 
Kansas City Section and the Philadelphia Section have 
had considerable success organizing similar classes. 
We have corresponded with several other sections which 
have not yet been successful along this line. 

A report of the first five years of classes was presented 
in April, 1928 [A. GuILLAUDEU AND W. V. EVANS, J. 
CueM. Epuc., 5, 1406-14 (Nov., 1928)]. The present 
report deals with the developments since that time. 

During the first five years, twenty different lecture 
courses were given. No laboratory work was then 
available. Now about twenty classes are scheduled per 


year, many of which include the presentation of both 
lecture and laboratory work. 

In general we plan our schedules about three years 
in advance, building them around three fields of chem- 


* Presented before the Division of Chemical Education of the 
A. C. S. at Cleveland, Ohio, September 11, 1934. 


istry, namely, advanced inorganic, advanced organic, 
and advanced physical chemistry, with three corre- 
sponding courses in physics, namely, light, molecular 
physics and heat, electricity and magnetism. For 
instance, the two years of advanced physical chemistry 
are preceded by elementary physical chemistry and 
followed by such special topics as the phase rule. 
Similarly, lectures in advanced organic chemistry are 
accompanied or followed by qualitative organic analysis 
laboratory, organic preparations laboratory, and lec- 
tures on specialized topics. We do not adhere rigor- 
ously to a three-year cycle but vary it as conditions re- 
quire. 

For example, elementary physical chemistry was 
taught for three quarters in the school year of 1929-30. 
This was followed by two quarters of lectures on ad- 
vanced physical chemistry in 1930-31 and two addi- 
tional quarters of advanced physical chemistry in 1931-— 
32. Advanced inorganic chemistry lectures in 1929-30 
(two quarters) were followed the next year by inorganic 
preparations laboratory, and in 1931-32 advanced or- 
ganic chemistry lectures (three quarters) were accom- 
panied by organic preparations laboratory (two quar- 
ters) and qualitative organic analysis laboratory (one 
quarter). The cycle in physics included electricity and 
magnetism in 1929-30 (two quarters lectures and two 
quarters laboratory); molecular physics and heat (two 
quarters lectures and one quarter laboratory) in 1930- 
31; and light (two quarters lectures and one quarter 
laboratory) in 1931-32. This physics cycle was repeated 
in the next three years. 

Most of the courses are suitable for graduate credit, 
but some undergraduate courses have been introduced 
in recent years to round out the opportunities. Thor- 
ough instruction in the theories of qualitative inorganic 
analysis has been one of the most valuable of these 
undergraduate courses. 

The laboratory courses have been surprisingly wel- 
come to the chemists from industrial laboratories, as 
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well as to the teachers. They are sought both by 
candidates for degrees and by those who want to apply 
their new knowledge directly to their daily problems. 
For instance, most of the 45 students in chemical mi- 
croscopy were from industrial laboratories. They were 
mature chemists of considerable experience as well as 
training. This course had been requested for several 
years before suitable arrangements could be made for 
it. Now it will probably be given in the evening at 
least every second year. 

The University of Chicago has no engineering school. 
So lectures and problem work in chemical engineering 
were an interesting innovation. We were fortunate to 
secure, as instructor, a very capable engineer from the 
staff of the Standard Oil Company (Indiana). The in- 
struction was limited to Lewis and Radasch “Indus- 
trial Stoichiometry” and to the Walker, Lewis, and Mc- 
Adams text on the ‘‘Principles of Chemical Engineering.” 
The time given to this study was one two-hour class per 
week throughout four quarters. The University of 
Chicago did not credit this course toward any of its 
present degrees, but recorded the successful completion 
of it by the individual students. The attendance on the 
first series of classes in chemical engineering was over 
40 per quarter. 

This instruction in chemical engineering at the Uni- 
versity aroused such interest at the Whiting, Indiana, 
plant of the Standard Oil Company that in the following 
year a class of over 90 employees of the Company 
studied the same subject there, under the same instruc- 
tor. In the next year the subject was again included in 
the continuation courses. Now, after a lapse of two 
years, it is to be taught again in 1935-36. 

Another influence of the Chicago Section’s continua- 
tion courses is illustrated by the following. An engi- 
neer of one of the large electrical corporations attended 
some of the classes in physics. He then interested other 
engineers and they codperated with the University and 
arranged several series of lecture courses in physics and 
mathematics on a plan similar to ours. Due to the 
large number of engineers in the Chicago area, enrol- 
ment in their classes was larger than in the chemistry 
classes, and in some cases approached 200. They also 
made arrangements for lectures on engineering eco- 
nomics, with enrolment exceeding 120. In the last few 
years, the unfavorable business conditions have cur- 
tailed the activities of the engineers. 

Experience with all these courses had its part in 
encouraging the University to establish several suc- 
cessive series of public lecture courses in physics and 
chemistry. These public lectures were arranged in 
series of ten, once a week for one hour at $3.00 per ten 
lectures. As many as 500 have bought course tickets 
for a single one of these series. During the past winter 
and spring, two such series of lectures were given on 
physics and it is hoped that in the near future similar 
series may be arranged, dealing with chemistry and 
with biology. ‘ 

Lectures on physiological chemistry have been well 
attended throughout the history of this work and have 


4] 


been supplemented by laboratory work and by instruc- 
tion in bacteriology and in physiology. 

The advantages brought about by these continua- 
tion courses have been quite widespread. Attendance 
on the classes has never been restricted to members of 
the American Chemical Society and no campaign for 
membership was in any way connected with these 


classes. Yet both the National Society and the Chi- 
cago Section have increased in membership thereby. 
The continuation courses have benefited the industries 
by providing further training for their experienced 
chemists. The additional income due to increased reg- 
istration provided, for a time, for some increase of the 
University staff. Other educational institutions in the 
vicinity have been encouraged to carry their evening 
instruction to more advanced levels as well as to include 
more subjects of instruction. Teachers in the city 
schools and in the various colleges have been able to 
progress more rapidly toward advanced degrees. 
Students regularly enrolled in daytime classes have 
benefited by continuation courses in several ways. The 
increased number desiring a course has led to its being 
repeated at shorter intervals. The University labora- 
tories have been open in the evenings to a greater extent. 
Students still on the campus and chemists already em- 
ployed have had opportunity to exchange ideas and have 
benefited mutually. Again, the evening work has included 
topics not ordinarily taught in the daytime and has sup- 
plied a larger, more diversified group of instructors. 

Probably the greatest benefits of the work have come 
to individual students. No complete record has been 
kept of the students who attended only evening classes, 
but at least one completed the entire work for the doc- 
torate without relinquishing his daytime job. Another 
who attained the doctorate volunteered that the con- 
tinuation courses had permitted him to complete so 
much of the necessary work while employed that he 
was off salary only one year, which you will agree is an 
important item for a man with a family. These are 
illustrations. Doubtless others had similar experiences. 

Many have been interested in courses dealing with 
their particular industrial interest; for instance, physio- 
logical chemistry, colloids, carbohydrates, and the X- 
ray methods of determining crystal structure. 

In closing, I wish to express appreciation of the ex- 
cellent codperation of all concerned. The staff of The 
University of Chicago attends to all the details of regis- 
tration, classrooms, etc. Dean Huth, of University 
College, has been deeply interested in the work and has 
contributed very largely to its success. The Section, 
through its Bulletin and its meetings, has provided 
necessary publicity. The lecturers have been drawn 
not only from The University of Chicago, but also from 
Northwestern University, Armour Institute, Standard 
Oil Company (Indiana), Universal Oil Products Com- 
pany, and the Portland Cement Association, and 
throughout the entire history of the work we have en- 
joyed the friendly advice of many individuals. It has 
been a great pleasure to be associated with this work 
and to note its continuous progress. 











MATHEMATICAL PROBLEM PAGE 


Directed by EDWARD L. HAENISCH 


Montana State College, Bozeman, Montana 


T IS gratifying to know that this page has a suffi- 
I cient number of interested readers to warrant its 
revival. The present director hopes that he can 
maintain the high standard set by Dr. Daniels and Dr. 
Cross. 

It is planned to present each month a brief ‘‘lesson”’ 
followed by a selection of exercises of varying difficulty. 
The solutions will be published the month following. 
Suggestions for various topics for the “lessons” will be 


welcome. 
ok ok * 


Many experiments in chemistry involve the measure- 
ment of some quantity or other. The result must in- 
clude not only the name of the quantity measured and 
its magnitude but also the units in which it has been 
measured. A systematic study of units and their uses 
is well repaid. 

The most practical system of units is that adopted by 
International Critical Tables, for it recognizes the unit of 
temperature and the chemical unit, the mol, as well as 
the fundamental units of mass, length, and time. It 
will be remembered that the ‘‘MLT’’ dimensions com- 
monly assigned do not include these first two quantities. 

The units of a quantity are most easily obtained from 
the defining equation. The simplest physical quanti- 
ties are listed in Table 1. 


TABLE 1 


Units in terms 
of cm., gmM., sec., 


Quantity Definition mol., and deg. Name of unit 
Length cm. 
Area cem,? 
Volume cem.,? 
Velocity Distance/Time cm, sec. ~! 
Acceleration Velocity /Time cm, sec, ~2 
Momentum Mass X Velocity gm. cm. sec, ~! 
Force Mass X Acceleration gm. cm. sec, ~? dyne 
Pressure Force/Area gm. cm.~! sec. ~? dynes cm, ~? 
Work Force X Distance gm. cm.? sec, ~? erg 
Density Mass/Volume gm. cm. ~$ 
Molec. Weight gm. mol~! 
Specific Heat cal. deg. ~! gm.~! 
Heat Capacity cal. deg. ~! mol~! 


Pressure is commonly stated in atmospheres (atm.), 
as well as in dynes cm.~*. To the electrical quantities 
we will assign the units in which they are usually 
measured, namely: current, ampere; potential, volt; 
resistance, ohm; quantity, coulomb. 

The units of several more complicated quantities will 


now be determined: 
(a) The Gas Constant. 
PV = nRT 


1 atm. X 22,400 cm.’ 
1 mol X 273 deg. 


= 82.06 cm.® atm. 





R= 


mol—! deg.—1. 
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Since one atmosphere = 76 cm. of mercury, 


l atm. = 76.0 cm. X 13.6 gm. cm.~* X 980.6 cm. 


sec. ~, 
= 1,013,200 (gm. cm. sec.~?) cm.~? = dynes 
cm.~? 
and 
— 1,013,200 dynes cm.~* X 22,400 cm.? 





1 mol X 273 deg. 


8.315 X 10’ dyne cm. mol.—! deg.-! = erg 
mol—! deg.~. 


Since 4.185 X 10’ erg = 1 cal. 
R = 1.987 cal. mol~! deg.—1. 
(b) Specific Conductivity. 


A (rea) 


C(onductance) = S(pecific Conductivity) L(ength) 


S = CL/A = ohm— cm.—1. 


The choice of the proper units is of the utmost im- 
portance. One would obviously not use R in cal. mol! 
deg.—! in the equation, PV = nRT, when P is measured 
in atm. and volume in cm.*. The choice becomes more 
difficult in an equation of the type: 


u = root mean square velocity of a molecule 


ai cm. sec.~! = ya = 
M gm. mol-! 
To make the units of the right side of the equation 
agree with those of the left R must be in gm. cm.? 
sec.—? mol~! deg.~'. Closer examination shows this 
to be erg mol deg.—. 

As will be seen from the above, an equation can be 


tested for its correctness by demonstrating the agree- 
ment or disagreement of the units on both sides of the 


equation. As an illustration, suppose that 
dP _ AHT? 
dT RP 


were falsely remembered as the approximate form of the 
Clausius-Clapeyron equation. Checking the units, 


cal. mol—! deg.? 
cal. mol~! deg.—! atm. 


_ deg.? 


atm. _ 
atm. 


deg. 





shows its inaccuracy. 
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Finally, unit analysis can be relied upon to tell the 
form of variance of one quantity with another. It is 
known that the velocity of a compression wave (sound 
wave) in a gas varies as the pressure and density of the 
gas; 1.¢.,v = f(p,d). Suppose v varies directly as the 
pressure and inversely with density. We have, if p 
is measured in dynes cm.~? 


p _ dynescm.~? _ (gm. cm. sec.~*) cm.~? 


Fos gm. cm.~* gm. cm.~* 


= cm.? sec.~? 





This shows us that ve~/p/d, for cm. sec. Vcm.?sec. ~?, 
REFERENCES 


(1) Mack AND France, ‘‘Laboratory manual of physi- 
cal chemistry,” D. Van Nostrand Co., Inc., New 
York City, 1934, pp. 1-12. 


(2) International Critical Tables, Vol. I, pp. 16-32. 


PROBLEMS 


1. What are the units of the following quantities? 
(a) ain Van der Waals’ equation 
(b) Equivalent conductivity 
(c) d(log p) if p is measured in atmospheres 
(d) Viscosity. (Use Poiseuille’s equation for the flow 
of liquids through capillary tubes.) 


aP r4 
8Vl 





7 = t 
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Here V denotes the volume of liquid of viscosity, », 
flowing through a capillary tube of length, /, and ra- 
dius, 7, in the time, ¢, and under the pressure, P. 


(e) The constant of the Ramsay and Shields’ modifica- 
tion of the Eétvés equation: 


y (Mv)*/* = k(t, — t — 6) 


Here ¢, is the critical temperature of the liquid whose 
surface tension is y, at the temperature of the experi- 
ment, ¢. M isthe molecular weight and v is the specific 
volume. 


2. Calculate a value of R, the gas constant, if pressure is meas- 
ured in pounds per square foot and volume in cubic feet. 


8. Are the following equations correct except for their constant 


factors? 
w M 
wo 7? Vix RT’ 


where w is a weight, a is an area, ¢ is time, and p, M, 
R, T have their usual significance. 


Ao E 
(b) 9 = =>, 


where v is the drift speed of an ion, Ao is the limiting 
equivalent conductivity of that ion, E is the potential 
gradient, Fis Faraday’s constant. 


din Keg 


aT 
the variance by dimensional reasoning. 


4, varies with AH, R, and T. Determine the form of 





AN IMPROVED HEATED VACUUM MICRO-DESICCATOR 
EUGENE W. BLANK | 


Colgate-Palmolive-Peet Co., Jersey City, New Jersey 


A VACUUM micro-desiccator heated by means of a 
micro-burner was recently described in THis JOURNAL.’ 





























FIGURE 1.—CROSS-SECTION OF AN IMPROVED HEATED VACUUM 
MICRO-DESICCATOR 


In the interim several modifications haye been made 
in the original design tending toward greater advantages 


1 BLANK, J. Cuem. Epuc., 10, 189 (1933). 








in operation. The improved desiccator is shown in 
Figure 1. 

The desiccator tube has been fitted with a glass joint 
at (A) to simplify the operation of charging and re- 
moving the desiccant. It is advisable to use an inter- 
changeable joint if possible so that the desiccator may 
be kept in continuous service if need arises. 

The thermometer has been placed within the desic- 
cator instead of in a well bored in the aluminum block. 
This insures a more accurate temperature control, but 
the principal advantage secured is that the upper half 
of the aluminum block may be removed more readily, 
and without disturbing the thermometer, to observe 
the condition of the material within the desiccator. To 
this end it is convenient to have a ring attached to the 
upper half of the aluminum block to facilitate handling. 

Other details of the desiccator remain essentially the 
same. For a fuller description of the apparatus the 


reader is referred to the original paper already cited. 
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KEEPING UP WITH CHEMISTRY 


The latest film. Jnd. Bull. of Arthur D. Little, Inc., 94, 1 
(Oct., 1934).—The latest ‘‘film’’ is Pliofilm, a new transparent 
wrapping material, introduced by the Goodyear Tire & Rubber 
Company. The new associate of Cellophane and similar sub- 
stances is not derived from cellulose, but it is produced syn- 
thetically from rubber. Perhaps the most distinctive character- 
istic of Pliofilm is the retention of its moisture-proofness on 
wrinkling and creasing, types of abuse that reduce the effective- 
ness of most other ‘‘moisture-proof’’ wrappers. Its producers 
claim that it has greater tear-resistance than the cellulose type of 
sheet. Pliofilm’s property of “‘heat sealing’’ will also be of interest 
to package specialists who have experienced the difficulties of 
sealing other ‘‘waterproof’”’ types of film. Only moderate heat 
and pressure are required for producing a strong, permanent 
seal of two Pliofilm edges. 

Solvent refining. Jnd. Bull. of Arthur D. Little, Inc., 94, 
2-3 (Oct., 1934).—One of the most outstanding events in the 
field of “petroleum technology” has been the development and 
commercial application of methods for refining lubricating oils 
by solvent extraction. There are three main types of crude oils, 
namely: paraffin base, such as Pennsylvania; asphalt base, 
such as the Gulf and Pacific Coastal crudes, and mixed base or 
Mid-Continent. It is now practicable to make oils having the 
properties of Pennsylvania ‘‘lubes’” from Mid-Continent crude, 
or, if desirable, a super Pennsylvania oil from this crude. Even 
dewaxing is done by solvents. There are now some eleven large 
refineries operating solvent-refining plants of a capacity of 
13,750 barrels a day; and there are nine plants under construc- 
tion which have a combined capacity of 10,200 barrels per day. 
The probable effect of this new development will be to cause a 
revision of prices in the Mid-Continent field on crudes used pri- 
marily for refining to produce lubricating stocks and to lower the 
premium on Pennsylvania crudes. G. O. 

Chemical brakes. Ind. Bull. of Arthur D. Little, Inc., 94, 
4 (Oct., 1934).—Manufactured articles with a tendency to 
spoil can often be made to keep well until used if provided 
with small amounts of restraining or controlling agents. The 
use of chemical ‘‘antioxidants” is adding thousands of miles’ 
wear to automobile tires and extending the life of other rubber 
goods. Lubricating oils exposed to air, and either light or heat, 
are kept from gumming by the same means. A recent develop- 
ment for automobiles is an engine oil with a crystallization 
controller which, when used in less than one per cent. concen- 
trations, prevents thickening of the oil, although the temperature 
may be zero or lower. A chemical has recently been developed 
which fixes the calcium and magnesium of hard waters, but 
without removal or precipitation, so that the water may be 
used for boilers without scale formation, or for laundering. 

G 


Beyond today’s materials of chemical engineering. H. L. 
MAxwEL_. Chem. & Met. Eng., 41, 510-2 (Oct., 1934).— 
The practicability and success of a chemical enterprise is largely 
influenced by the selection of equipment that will show maxi- 
mum economies in operation. Equipment should be figured in 
terms of ‘‘cost per ton of product,” and in order to do this, 
initial cost, potential life of equipment if continued in service, 
and permanency of process must all be considered. 

In the chrome-nickel alloys the tendency is toward a maximum 
carbon content of 0.07% in the conventional 18-8 chrome- 
nickels. The introduction of the delta phase in stainless steels 
and the addition of columbium are among the latest innovations 
to reduce the necessity for heat treatment following welding. 

Increased consideration is being given to cast iron for appli- 
cation in process equipment; alloy modifications deserve further 
development. 





Organic plastics and surface coatings are used in increasing 
amounts. Temperature troubles constitute one of their chief 
defects. 

The present trend seems to be away from excessively large 
installations of low-cost materials to smaller sized units operating 
under more severe conditions of temperature, pressure, and corro- 
sion. Joi A. 

Silver equipment in chemical plants. I. C. ScHOONOVER. 
Chem. & Met. Eng., 41, 545-6 (Oct., 1934)—The use of silver 
equipment has been given an impetus by its recent low cost. 
Silver is noted for its extreme ductility, high thermal and elec- 
trical conductivity. It is soft at room temperature and possesses 
even less strength at higher temperatures. High-temperature 
strength is obtained by using it as a lining for equipment. 

Its best known chemical properties are resistance to formation 
of oxide scale, ease of formation of relatively insoluble halides, 
and extreme sensitivity to sulfur. The first two properties give 
it much use as corrosion-resistant material. Many organic 
acids do not attack silver, and a large proportion of the silver 
equipment actually in use at the present time is “rere where 
these acids have to be handled. J. W. 

Rubber equipment for chemical plants. C. A. Russ. Chem. & 
Met. Eng., 41, 541 (Oct., 1934).—Rubber linings and protective 
covering of tested types are recognized as standardized materials 
for protection against corrosion and abrasion. No one type is 
applicable to all conditions if maximum benefit is to be expected. 
Ruther has outstanding corrosive resistance to most alkali 
solutions and many acids, including hydrochloric at any strength 
and sulfuric of 50% or less. Rubber-lined pipe has been used 
successfully to convey powdered coal and coke, cement, lime, 
and other solids. a ee : 

The new detergents. R.A. Duncan. Ind. Eng. Chem., 26, 
24-6 (Jan., 1934)—In hard water of 15 to 20 grains hardness 
half the total soap used is required to soften the water. The 
slimy curds often adhere to materials being washed, giving poor 
appearance and acting as spots for dirt collection. Sulfonated 
oils are good wetting and sudsing agents in acid solution, are not 
affected by hard water, but are relatively poor detergents. 
Shortage of fats during the War led to investigations in Ger- 
many, but a good detergent has resulted only recently. In 
sulfonated oils the action occurs on an inside C atom while in 
soaps the basic substance is attached to the end C. Attempts 
were therefore made to sulfate the end C of a fatty acid. Other 
means were also tried resulting in (1) the sulfated alcohols and 
(2) the Igepons. 

The sulfated alcohols are sulfuric esters of straight chain 
fatty alcohols from 8-18 C. The Na salt is a white solid, more 
crystalline than soap. The solubilities of other metallic salts 
compare to that of Na sulfate. The detergent properties seem 
to be independent of the metal, so are not affected by hard water. 
They are marketed under trade names, Gardinol WA, Orvus, 
and Dreft. 

Igepon A is made by causing isethionic acid or its salts to 
combine with oleic acid. ‘‘This product is a good detergent, 
is neutral in its reaction, is resistant to hard water, and can 
be used in acids of moderate concentration, although it is de- 
composed if held long on the acid side. It cannot be used with 
alkalies, however, as they split the molecule at the carboxyl 
group with the formation of soap. To correct this difficulty, 
Igepon T was developed. Igepon T stands up better in both 
alkaline and acid solutions, but otherwise is similar to Igepon A.”’ 

D; CL. 

Metallurgy and uses of zinc—I. S. Rosson. Sch. Sci. Rev., 
16, 21-31 (1934).—Adaptation of an address to the London 
Section of the Institute of Metals, Jan. 12, 1934. After a pre- 
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liminary historical discussion the remainder of the present in- 
stallment is devoted to furnaces, roasting, sintering, and con- 
tinuous vertical retorts. Four halftones, three line drawings. 
(To be continued.) O..R: 
Storage batteries—I. Acidcells. L.Wuitspy. Sch. Sci. Rev., 
16, 32-46 (1934).—Discusses the history, theory, construction, 
general characteristics, maintenance, and applications of the lead- 
acid cell. (To be continued.) @..&. 
“DuPrene” forges ahead. E. R. BRIDGEWATER. Du Pont 
Mag. (Preprint)—A review of some of the more important 
industrial uses which have been found for du Pont synthetic 
rubber. The distinguishing features which enable DuPrene to 
displace the natural product for many uses, even at $1.00 per 
pound, are: its stability in the presence of oils, solvents, and 
chemicals, under high temperatures and constant sunlight, and 
its high corona resistance. These properties make it eminently 
suitable for: gasoline hose, golf-course hose, asbestos sheet 
binder, pump gaskets and other parts, transmission and con- 
veyor belting, ignition insulation, protective gloves, and nu- 
merous other uses. © RK. 
Artificial radioactivity. ANon. Chem. & Ind., 53, 851-2 
(Oct. 12, 1934).—An artificial radioactivity is produced by bom- 
barding lighter elements with a particles, protons, diplons, or 
neutrons. The disruption of the nuclei of these elements is not 
entirely instantaneous but an excited nucleus is formed which 
emits rays while it settles down to a final state. For example, 
if a piece of aluminum foil is exposed for a time to a rays from a 
strong polonium source and then removed it is found that the 
foil continues to emit particles of unit positive charge but with 
the mass of an electron. The half-life period of this radiation is 3 
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minutes and 15 seconds. Boron and magnesium also exhibit 
this induced radioactivity. The explanation is that the alumi- 
num nucleus with a mass of 27 and a nuclear charge of 13 (Al? 
captures an a particle and emits a neutron, an uncharged 
particle of mass equal to the mass of a hydrogen atom, forming 
the unknown nucleus P32 which spontaneously disintegrates 
with the evolution of positrons, forming the stable nucleus Si32 
E.R. W 
Rubber as building material for the chemical industry. S. 
REINER. Chem.-Ztg., 58, 637-40 (Aug. 8, 1934).—A review. 
L.S 


The application of enzymes for industrial purposes. A. 
Hesse. Chem.-Zig., 58, 569-72 (July 14, 1934).—A survey 
accompanied by 53 references. L. S. 

The vulcanization of rubber. E. Wurm. Chem.-Zig., 58, 
577-9 (July 18, 1934).—A survey covering the history of the 
vulcanization of rubber, the use of accelerators, the scientific 
significance of the vulcanization process, the use of Se and Te 
during vulcanization, and the S.Cl. process. L. S. 


Successes and problems of the sugar industry. B. HeEL- 
FERICH. Chem.-Zig., 58, 689-91 (Aug. 25, 1934).—The topics 
reviewed comprise configuration, ring formulas, tautomerism 
of reducing sugars, detection of rare sugars in nature, improve- 
ment of yields of well-known sugars, analytical problems, 
transformation of sugars, synthesis of glycosides and oligo- 
saccharides, partial esterification, manufacture of methyl 
ethers, reduction to polyalcohols, acids of the sugar group, 
vitamin C, additional biological and medical problems, carbo- 
hydrates and ferments, and economic problems. L.$ 


APPARATUS, DEMONSTRATIONS, AND LABORATORY PRACTICE 


Demonstration of the Boyle-Mariotte law by means of a bicycle 
pump. T. THEImMANN. Z. phys. chem. Unterricht., 47, 166-7 
(July-Aug., 1934)—The Boyle-Mariotte law is illustrated by 
changing the volume of air in a bicycle pump by means of weights. 
The set-up is shown by a diagram, and numerical results of tests 
are given. L. S. 

Demonstration of Brown’s molecular movement by means of 
simple apparatus. R.Scnarr. Z. phys. chem. Unterricht., 47, 
161 (July—Aug., 1934).—Brown’s molecular movement is demon- 
strated by means of a home-made smoke chamber through which 
a beam of light is passed. The movement of the smoke particles 
is observed through an ordinary student’s microscope. The 
smoke chamber and arrangement of the set-up are shown by two 
illustrations. L. S. 

Photochemistry. W. MeriIncer. Chem.-Zig., 58, 629-32 
(Aug. 4, 1934).—A review of the development of the _ of 
photochemistry during the last 10 years. L. S. 

Self-sealing tube for heating chalk, etc. J. A. LAUWERYS. 
Sch. Sci. Rev., 16, 123 (1934).—A cast-iron tube, closed at one 
end, is tapered to receive a brass or copper stopper fitted with a 
copper delivery tube. The differential thermal expansion of 
tube and stopper insures a gas-tight joint. Oo. R. 

From laboratory practice. W. Stan. Chem.-Zig., 58, 682 
(Aug. 22, 1934).—Description and illustration of an easily con- 
structed microburner made of glass tubing and of a holder for 
beakers and evaporating dishes. L. S. 

A new absorption tube. W. Bacu. Chem.-Zig., 58, 701 
(Aug. 29, 1934)—A new, improved glass drying tube which 
takes the place of the ordinary straight CaCl, drying tube is 
described and illustrated. L. S$. 


The striking-back of a Bunsen burner. A. Aparr. Sch. 
Sci. Rev., 16, 123 (1934).—Apparatus suitable for demonstration 
before a large audience is described. A glass tube 100 cm. long 
and 2.5 cm. in diameter is clamped vertically over a Bunsen 
burner in such a way that the burner tube is centered in the 
glass cylinder and extends about 2 cm. into it. A piece of small- 
bore glass tubing is connected to the gas line and adjusted to 
deliver a pilot jet about 2 cm. above the upper edge of the glass 
cylinder and 1-1.5 cm. outside it. A screen of 28-mesh copper 
gauze is wedged into the glass cylinder about 5 cm. above the 
outlet of the Bunsen burner. 

With the air holes of the burner closed, and the gas turned 
fully on, a steady flame should ignite at the top of the glass 
cylinder. The air holes are now opened slowly until a large 
Bunsen flame, with a bright blue inner cone an inch high, is 
obtained. The gas is now slowly turned off until a strike-back 
takes place, the flame traveling down the tube until it is ex- 
tinguished at the copper gauze. A fresh supply of explosive 
mixture now ascends until it is ignited at the pilot. Successive 
explosions take place. The apparatus runs very steadily when 
it has become warm after the passage of the first two or three 
flames, and may be run without attention for some minutes 
without becoming too hot. It is perfectly safe in operation. 

With this apparatus the principle of the Fisher burner may 
also be demonstrated. If an ordinary gauze is held over the 
upper end of the glass tube, the flame is prevented from striking 
back, and burns quietly above the gauze which conducts and 
radiates the heat away from the flame, so that the temperature of 
the ascending mixture does not reach the ignition point below the 
gauze. O.R. 


SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES; TABULATIONS OF SCIENTIFIC DATA 


Results and problems of biochemistry. O. Curio. Z. phys. 
chem. Unterricht., 47, 174-9 (July-Aug., 1934).—A survey. 
L.S 


Energy relationships of the compounds of the type AmBn in 
the periodic system. H.G.Grimm. Z. angew. Chem., 34, 594-601 
(Aug. 25, 1934).—Energy relationships for compounds of the 
type AmBn in the periodic system are shown by means of 
tables and curves. 52 references are listed. be SS 

Introduction to the conception of hydrogen-ion concentration. 
P. Linpg. Z. phys. chem. Unterricht., 47, 181-4 (July-Aug., 
1934).—An introduction to the subject, accompanied by nu- 
merical examples and drawings. L. S. 

Pure cuprous oxide for the derivation of the law of multiple 
proportions. R.ScHarr. Z. phys. chem. Unterricht., 47, 202-4 








(Sept.-Oct., 1934)—The author describes a new method of 
making cuprous oxide and makes use of this compound in illus- 
trating the law of multiple proportions. a 
The acid hydrolysis of starch. A. P. ScHuLTz AND W. HONscH. 
Chem.-Ztg., 58, 640-2, 671-2 (Aug. 8 and 18, 1934).—A review 
accompanied by numerous references. L. S. 
Successes and problems of the sugar industry. See this title 
under “Keeping Up with Chemistry.” 
Osmosis—III. W.L. Francis. Sch. Sci. Rev., 16, 94-104 
(1934).—Continuation and conclusion of an elementary exposi- 
tion of the subject [see J. Cumm. Epuc., 11, 482 (1934)]. The 
topics discussed are: electro-endosmose, Donnan membrane 
equilibrium, the permeability of living membranes, imperfect 
semipermeability and osmotic adaptation, solubility or lipoid 
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theory of protoplasmic permeability, penetration into large cells, 
influence of the ionic environment, and electric potentials at 
living membranes. OR. 
The transmutation of the elements. A. J. Meg. Sch. Sci. 
Rev., 16, 1-15 (1934).—A review of transformations accomplished 
by bombardment, prefaced by a brief discussion of radioactivity. 
Twenty-one references. O.R. 
Electrometric titration and neutralization reaction. II. 
Apparatus and technic. C. Morton. Sch. Sct. Rev., 16, 16-20 
(1934).—Continuation and conclusion of an elementary ‘exposi- 
tion of the subject [see J. CHem. Epuc., 11, 482 (1934)]. The 
topics covered are: the titration vessel, the calomel electrode, 
the hydrogen electrode, the quinhydrone electrode, the glass 
electrode, and the potentiometer. O. R. 
Physical methods in chemistry. T. M. Lowry. Chem. & 
Ind., 53, 769-78 (Sept. 14, 1934).—Presidential address to the 
Chemistry section of the British Association for the Advance- 
ment of Science. The development of the theory of atomic 
numbers is without doubt the greatest contribution which 
physics has made to the progress of chemistry in the present 
century. Closely related to this we find the work dealing with 
chemical changes in the atomic nucleus and to the diffraction of 
molecular rays, electrons, and X-rays. Mutarotation and dy- 
namic isomerism are physical-chemical problems that have been of 
interest for many years. Much work needs to be done before 
we can accurately predict the magnitude and sign of optical 
rotatory power. E. R. W. 
Progress of physiological chemistry since 1929. Z. angew 
Chem., 47, 491-501, 516-9, 523-9, 547-55, 559-64 (July 4, 
14, 21, 28; Aug. 4, 1934). —II. Enzymes. Fermentation. F. 
F. Norp. 491-4. (1) Biochemistry of fermentation. (2) 
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Réle of zymophosphates. (3) Kinetics of cell fermentation. 
(4) Enzymology of fermentation. (5) Biology of fermentation. 
(6) Butyl fermentation. 39 references. 

Glykolysis. E. LuNpsGAaRD. 495-7. 1. The glykolytic 
enzyme system. 2. Intermediate processes during the gly- 
kolysis. 3. Biological importance of glykolysis. 20 references. 

Dehydrases. A. BERTHO. 497-501. 49 references follow the 
discussion of the subject. 


Ferment hamines. A. Rermp. 515-9. -Hamines, hames, and 


hamochromogenes. Breathing mechanism. Cytochrome. The 
yellow ferment. Katalasys. Peroxidasys. 
III. Vitamins. Vitamin A. H. BROoCKMANN. 523-9. 


Introduction. The carotinoids with vitamin A effect. £- 
Carotin decomposition products with vitamin A effect. Vitamin 
Occurrence of provitamin and of vitamin A. Detection and 
quantitative determination. Physiology. 
Vitamin B. T. WAGNER-JAUREGG. 
Antiberiberi or antineuritic vitamin. 
Chemical and physical properties. 
Vitamin B,. Vitamin By. 

Vitamin C. F.MicHEEL. 550-2. 

Vitamin D. A.LUrtrincHAus. 552-5. Natural vitamin D. 
Vitamin D from ergosterin. Constitution. Determination of 
physiological value. Mechanism of action. Identity. Forma- 
tion of vitamin D in nature. Preparation and application. 47 
references. 

IV. Hormones. Sexual hormones. F. WADEHN. 559-64. 
The female sexual cycle. Germ gland hormones. Follicular 
hormones. Corpus luteum hormones. Male sexual hormone. 
Gonadotrope hormone. L. S. 


547-9. Vitamin Bi. 
Chemical composition. 
Physiological function. 


TEACHING OBJECTIVES, METHODS, AND SUGGESTIONS 


What are the trends in engineering education? WerssTerR N. 
Jones. Chem. & Met. Eng., 41, 462-3 (Sept., 1934).—The dis- 
tinctive trends in engineering education are summarized as fol- 
lows: ‘“‘Much thought is being given to selection and guidance of 
prospective engineering students. There is a decided tendency 
toward the extension of the teaching of the basic and cultural 
subjects to prepare graduates to meet ever-changing economic 
conditions. Engineering colleges are realizing the fundamental 
importance of research, especially for students with a decided 
bent toward creative work. The human side of engineering is 
being stressed and will lead to greater life enrichment. Teachers 
of engineering are aware of their grave responsibility in en- 
couraging young men to search diligently for knowledge and wis- 
dom and in stimulating them to strive for a higher order of citizen- 
ship. The ultimate goal of engineering colleges is to produce men 
of superior qualifications, especially initiative, creative instinct, 
breadth of vision, and capacity for hard work; men who possess 


physical fitness to enable them to carry on energetically, tenacity 
of purpose to compel them to stick to the end, resourcefulness to 
direct them out of the beaten path into unexplored regions, per- 
sonality to enable them to live amicably in their environment, and 
knowledge in their particular fields to render them capable of 
creative work.’ . W. H. 
Source of inexpensive reference material for chemistry de- 
partments. W.L. Manze aANDR.D.ReEED. High Sch. Teacher, 
10, 205-6 (Sept., 1934).—The authors suggest that written re- 
ports upon topics which students use for their library research 
activities, preserved in a semipermanent form, will in time be- 
come a substantial source of help to succeeding classes in that 
subject. It is estimated that fifty such reports put in durable 
covers would not cost more than fifteen dollars. Directions are 
given in the article for the form of the report, the source of helps 
in its preparation, and the method of its preservation. ‘ 
2 


ADMINISTRATIVE PROBLEMS AND DEVICES; CURRICULA 


Science at the universities: Some problems of the present 
and future. H.T.Tizarp. Chem. & Ind., 53, 785-93 (Sept. 21, 
1934).—The Presidential address to the Educational Science 
Section of the British Association for the Advancement of 
Science. Not many years ago the student in an English Uni- 
versity who took an interest in science was looked upon as not 
quite a gentleman. The great practical achievements of science 
have changed the opinion of the general public on this matter. 
Now half of the 50,000 college students in’ England are studying 
some form of science and it is estimated that about 200 pounds 
is spent on each of these students each year from the general 
fund. Most of these students, however, expect to make profes- 


sional use of their scientific training; very few of them take 
courses in science as part of a general education. Courses de- 
signed for this type of student should be provided in each of our 
principal sciences. E. R. W. 


How shall science instruction be organized? A. W. Hurp. 
Sct. Educ., 18, 106-12 (Apr., 1934).—This is the résumé of a 
study whose purpose was to evaluate a list of criteria for selecting 
and organizing subject matter in elementary and high-school 
science courses. Twenty criteria, five plans, and eight features 
of organization of instruction in science were evaluated by sixty- 
six experts in science teaching. ©; M:.P. 


GENERAL 


A visible record of lantern slides. C. J. Konnic. Educ. 
Screen, 13, 165-6 (June, 1934)—A school library of several 
thousand lantern slides was catalogd by making contact prints 
of the slides on 3” X 4” pieces of blueprint paper. Time of ex- 


posure to direct sunlight varied with the density of the individual 
slide but averaged 25 seconds. 


After being washed the prints 


were dried in a drying rack and then pressed smooth with an 
electric iron. Neatly trimmed, the prints were mounted on 4” X 
6” filing cards which afforded sufficient space to record the cata- 
log number of the slide, its location in the school, and any other 
desirable information. O. R. 











RECENT BOOKS 


A Manuva or Biocuemistry. J. F. McClendon, Professor of 
Physiological Chemistry, University of Minnesota Medical 
‘School. First edition. John Wiley & Sons, Inc., New York 
City, 1934. vii+ 381 pp. 58 figs. 15 X 23cm. $5.00. 


This book is an outgrowth of mimeographed material which 
has apparently been used in a course in physiological chemistry 
at the University of Minnesota for some time. The order 
followed in this book is a distinct departure from the conventional 
arrangement found in recognized texts on physiological chemis- 
try. The greater part of the book concerns itself with elements 
and compounds of biological importance, with a discussion in- 
volving the function and importance of each. 

The book is divided into six parts. Part I deals with physical 
chemistry as related to biology and includes such subjects as 
colloids, catalysis, calorimetry, internal secretions, and ionic 
equilibria. Part II, which occupies 42 pages, deals with inorganic 
elements and compounds. In Part III the organic compounds 
of biological interest are discussed. Part IV is a brief summary 
of foods, digestion, metabolism, and excretion. Part V is devoted 
to laboratory directions involving the quantitative determina- 
tion of important organic and inorganic constituents of biological 
materials. Part VI is a table of 1000 elements and compounds 
of importance in biology, giving their molecular weight, melting 
point, boiling point, density, and solubility in water, alcohol, and 
ether. In most cases a statement is included giving their oc- 
currence, use, or importance in biology. 

One of the features of the book which should prove of value to 
the student is the citation of numerous references at the con- 
clusion of each subject discussed. 

One of the things that impresses the reader is the inclusion of 
much material which is not found in other books on physiologi- 
cal chemistry. This is especially noticeable in the section on 
inorganic elements. The section on iodine and its relation to 
goiter is especially good. Following the section on the radio- 
active elements, considerable space is devoted to radiation, which 
includes discussions of such subjects as radio and cosmic rays. 
The subject of diabetes and insulin is well discussed and many 
ideas are presented which are not found in other books. 

The section on laboratory work is quite different from other 
laboratory guides in physiological chemistry. All the experi- 
ments are quantitative in nature, and micro,technic is empha- 
sized. Methods are given for the determination of many sub- 
stances for which methods are not available in other books. 
Many of the methods are new. 

Perhaps the most important criticism that can be made of the 
book is the brevity with which many subjects are dispensed with. 
In many cases simply the name and the chemical formula of a 
compound are given. Frequently the discussion of a compound 
is indefinite and fragmentary and leaves one with the feeling that 
an enlargement of the discussion would make the information 
of more value and interest to the student. For example, on page 
277 the following compounds are dispensed with as follows: 
“Nicotine paralyzes certain nerve ganglia when a highly con- 
centrated solution is applied to them locally.” ‘‘Cinchophen, 
atophan, is related to quinine. It has been given to patients 
with gout.’’ ‘Quinine is used to cure malaria. Its use was dis- 
covered by South American Indians.” 

On page 29, specific dynamic action of protein is discussed. 
One is left with the impression that proteins alone have a specific 
dynamic effect. Mention should be made of the fact that carbo- 
hydrates and fats produce a similar effect. On page 287 the 
following statement is made: ‘The digestion of meat in the 
stomach produces some substance which cures pernicious ane- 
mia.”” The writer feels that some other term should be substi- 
tuted for the word ‘‘cures.”’ 

To one who is accustomed to teaching: physiological chemistry 
in the conventional manner it is difficult to see how this book 
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could replace the excellent texts which are now available. Fora 
more general course in biochemistry it will be useful. As a ref- 
erence book it is excellent and should find a place in the library 
of everyone interested in the field of biochemistry. 

A. K. ANDERSON 


THE PENNSYLVANIA STATE COLLEGE 
STATE COLLEGE, PENNSYLVANIA 


THE CHEMISTRY OF SoLips. Cecil H. Desch, National Physical 
Laboratory. Cornell University Press, Ithaca, N. Y., 1934. 
213 pp. 55 figs. 15 KX 23 cm. $2.50. 


This book is the record of the 13th George Fisher Baker Lec- 
tureship in Chemistry at Cornell University. As evidence that 
it is well done, your reviewer would point out that it reads like a 
“real book” and not at all like a set of lecture notes. 

After an introduction dealing with the close bond between 
pure and applied science, Professor Desch takes up in turn the 
crystalline state, the growth of crystals, and the effect of adsorp- 
tion and environment on the external shapes of crystals. Then 
follows a chapter on the effect of surface tension on the crystal 
boundary with special reference to the “amorphous cement” 
theory and to the concentration of impurities at the grain boun- 
daries. A short chapter on etch figures is followed by a discus- 
sion on mosaic structure. Still other chapters deal with pas- 
sivity, corrosion fatigue, diffusion, Widmanstatten figures, mar- 
tensitic structure, age-hardening, and intermetallic compounds. 
The book closes with a series of discussions on the possible pro- 
duction of a vitreous phase by deformation, chemical changes in 
solids, layered lattices, and fiber structure. 

Students in crystal structure, physical chemistry, and metal- 
lurgy will find this book informative and stimulating. They 
will find it worth owning. WHEELER P. DAvEY 


THER PENNSYLVANIA STATE COLLEGE 
STATE COLLEGE, PENNSYLVANIA 


HANDBOOK oF CHEMISTRY. Compiled and edited by Norbert 
Adolph Lange, Ph.D., Associate Professor of Organic Chemis- 
try at Case School of Applied Science. Handbook Publishers, 
Inc., Sandusky, Ohio, 1934. xiv + 1265 + 248 + 29 pp. 
12.5 X19.5cm. $6.00 (special price to students and teach- 
ers, $3.00). 


This is not ‘‘just another handbook.” It has been compiled 
with specific attention to its utility to the chemist and embodies 
several features not usually found in books of this type. 

In order of their appearance in the text, one first finds a useful 
table of directions for handling and storing hazardous chemicals. 

Of interest to the teacher is a novel table of changes in the ac- 
cepted atomic weights of the elements from 1894 to 1933. 

The table of physical constants of, the elements is unusually 
complete. It includes such properties as: physical form and 
color, density, melting point, boiling point, specific heat, latent 
heat, electrical resistivity, surface tension, thermal expansion, 
and crystalline form. 

The tables of physical constants of inorganic and organic com- 
pounds contain several novel features. First, they are well cross- 
indexed for those compounds that are commonly known by more 
than one name. Second, a Beilstein reference is appended for 
each compound; this serves as a real time-saver in reference 
work. Third, the practice of stating the solvents used in the 
crystallization of the respective organic compounds will prove 
useful. 

The alkaloids and the glucosides are treated in separate tables, 
which permits more freedom in the choice of properties tabulated. 
For example, in the case of the glucosides, their hydrolytic prod- 
ucts are given in addition to the usual physical characteristics. 

The analyst will be delighted to find a comprehensive list of re- 
agents for use in inorganic analysis, including the literature ref- 
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erences and the sensitivity of each test. He will also find an ex- 
tensive list of solutions used in inorganic, organic, and biochemi- 
cal analysis. 

In the field of thermodynamics and thermochemistry, excellent 
tables have been compiled. They include specific heats, heats of 
fusion, heats of formation, and heats of combustion, as well as a 
list of free energies. In this category, it is noteworthy that the 
units of the respective constants are clearly defined. Indeed, a 
clear definition of units and statements of the sources of data are 
characteristic of this handbook throughout. 

A section of the book is devoted to definitions of pharmaceuti- 
cal terms and preparations. 

The appendix contains what appears to be a well-chosen list 
of mathematical tables and formulas. 

This handbook is highly recommended, especially to those who 
do not have easy access to monographs and other types of special- 
ized literature in chemistry and its allied sciences. 

R. LEGAULT 


THE UNIVERSITY OF CHICAGO 
CxrcaGco, ILLINOIS 


EXPERIMENTAL PHYSICAL CHEMISTRY. Professors Farrington 
Daniels and J. Howard Mathews and Associate Professor John 
Warren Williams, all of the University of Wisconsin. Second 
edition. McGraw-Hill Book Company, Inc., New York City, 
1934. xix +499 pp. 140 figs. 14 X 20.5cm. $3.50. 


To attempt a revision of this well-known and excellent work 
within five years is somewhat akin to gilding the lily. Neverthe- 
less, a real improvement can be noted. 

The book has been largely rewritten. Sixteen experiments 
have been omitted and nine added. Several others have been 
modified with a view to increased accuracy. The correlation be- 
tween the first and second editions in the matter of omissions, 
additions, and modifications is set forth in a compact table. 
The book has been enlarged by the addition of twenty-four 
pages. The chapter on the electrochemistry of gases has been 
omitted and that on electrotitrations has been condensed into the 
chapter on electrochemistry. Excellent chapters on errors and 
on vacuum tubes have been added. One wishes some of the 
omitted material might have been retained, such as the studies 
on ozone and nitrogen peroxide production. Particularly to be 
commended is the addition of material on the glass electrode, 
several quantitative colloid experiments, a study on heavy 
water, and an improved treatment of capacitance measurements. 

Experiment 56 on the determination of heat of reaction by 
E.M.F. measurements remains essentially unchanged. It seems 
that this experiment might be improved by using two-phase 
amalgams rather than solid metal electrodes. It is unfortunate 
that an experiment on the moving boundary method for deter- 
mining transference numbers has not been included. Some 
simple modification of MacInnes’ precision apparatus should 
afford satisfactory results. (See L.G. LoNcswortH, THIs Jour- 
NAL, 11, page 420.) 

The plan of the book remains the same. There are three 
main sections—laboratory experiments, apparatus, and mis- 
cellaneous operations. Each experiment is discussed as follows: 
theory, apparatus, procedure, calculations, practical applications, 
suggestions for further work, and references. Throughout the 
whole book, in fact, there is an abundance of literature references, 
mostly of recent date. Necessary tables, including logarithms, 
are present. The book is very well written and the format ex- 
cellent. 

To sum up, this work should prove indispensable to the in- 
structor and the advanced student. For undergraduates of 
reasonable intelligence, background, and initiative, it merits very 
serious consideration as a working or reference manual of the 
highest order. The whole aim of the authors is concisely stated 
in the preface: ‘‘As in the first edition, the development of the 
student has been considered of greater importance than the con- 
venience of the instructor.’’ Matcotm M. Harinc 


UNIVERSITY OF MARYLAND 
CoLLece ParK, MARYLAND 





JouRNAL OF CHEMICAL EDUCATION 


THE FUNDAMENTALS OF CHEMICAL THERMODYNAMICS. ParTI: 
ELEMENTARY THEORY AND APPLICATIONS. Part II: THER- 
MODYNAMICAL FUNCTIONS AND THEIR APPLICATIONS. J. A. 


V. Butler, D.Sc. (Birmingham), Lecturer in Chemistry in the 
University of Edinburgh. The Macmillan Company, New 
York City. Part I, 1928. xi + 207 pp. 51 figs. 12X19 
cm. $3.00. Part II, 1934. ix + 271 pp. 48 figs. 12 X 
19 cm. $3.00. 


These two little volumes have been developed by Dr. Butler 
as the fruit of several years’ experience in teaching thermody- 
namics. In Part I he has “tried to present the subject in a logi- 
cally precise, yet simple form, having in mind not only the stu- 
dent who intends to specialize in Physical Chemistry, but also 
that class of chemistry students which has only a very moderate 
knowledge of mathematics and little sympathy with mathemati- 
cal methods.” There are nine chapters, dealing with: the first 
law, the second law, changes of state, solutions, homogeneous 
gaseous reactions, the galvanic cell, electrode potentials, concen- 
tration cells and activities, and electrolysis. The treatment is 
fairly elementary in character but presupposes an acquaintance 
with the elements of calculus. Thus the second law is discussed 
with emphasis on “‘maximum work’’ and without reference to 
the concept of entropy. Most of the derivations, such as that 
of the Clausius equation, are based on cyclic processes. The 
notation employed is largely that of Lewis and Randall. 

Part II represents a more advanced treatment of the subject, 
obviously for students who are specializing in physical chemistry. 
It has been developed for a second course, designed to follow 
that using Part I. This volume, however, is “tolerably complete 
in itself and could be read by anyone who has an elementary 
knowledge of the laws of thermodynamics.”’ It contains eleven 
chapters, dealing with: the thermodynamical functions (includ- 
ing entropy), the thermodynamics of perfect gases, the third law, 
applications to solutions (six chapters), the thermodynamics of 
surfaces, and the phase rule. The developments are carried 
through by the use of the “functional” or Gibbsian method, 
which has been popularized in recent years by Lewis and Ran- 
dall’s Thermodynamics. 

On the whole, the two volumes are well written and the sub- 
ject matter has been judiciously selected. Throughout both 
parts the applications of thermodynamics to chemical problems 
have been duly emphasized. A number of numerical examples, 
especially in Part I, are presented and solved in the text. These 
and the problem sets, placed at the end of most of the chapters, 
contribute much to the value of these books for teaching purposes. 
Another strong feature of Part II is that the discussions have in 
many cases been carried right up to the developments of the 
present year. However, Chapter III on the third law of thermo- 
dynamics constitutes an exception to this statement; unfortu- 
nately here the developments practically cease with the year 1926 
and several of the entropy values in Table III (page 44) should 
now be revised for precise calculations. 

Inevitably a few errors, typographical and otherwise, have 
also crept into Part II. The reviewer was shocked to find plus 
signs before the term pdv in the equations on pages 19 and 20, 
where obviously subtraction is called for. The same error ap- 
pears in equations 50 and 52 on page 26. The treatment of 
pages 208-210 in the chapter on the thermodynamics of surfaces 
is also rather unsatisfactory, and equation 223 (p. 210) is in- 
correct. 

All things considered, however, Dr. Butler must be congratu- 
lated on his preparation of two very teachable little books. The 
first in particular will prove very attractive to many college 
teachers who desire to present to their physical chemistry stu- 
dents a brief introduction to chemical thermodynamics without 
the use of entropy. Whether or not, in a more advanced course, 
a rather small volume like Part II is preferable to such an ex- 
cellent and authoritative treatise as that of Lewis and Randall 
remains a question for the individual teacher. 

GEorGE S. Parks 


STANFORD UNIVERSITY 
CALIFORNIA 
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REVIEW OF PRE-COLLEGE Matuematics. C. J. Lapp, Professor 
of Physics, F. B. Knight, Professor of Educational Psychology, 
and H. L. Rietz, Professor of Mathematics, all at the University 
of Iowa. Scott, Foresman and Company, Chicago, 1934. 
iii + 124 pp. 21 X 26.5cm. $1.00. 

This is a workbook providing explanations of—and drill in— 
the fundamentals of arithmetic, algebra, geometry, and trigo- 
nometry, with the major emphasis on algebra. It is the joint 
product of a professor of mathematics, a professor of physics, and 
a professor of educational psychology, each contributing his own 
point of view and his own experience. Its content is based 
upon: (1) first-hand experience with college freshmen, (2) actual 
analysis of the requirements of first courses in college mathe- 
matics, physics, and chemistry, and (3) research on frequency of 
errors among freshmen. 

The authors suggest three specific and valuable uses of this 
workbook: (1) supplementary material for first-year college 
courses in mathematics, (2) preparation for college courses in 
physics or chemistry, and (8) a general review for high-school 
seniors. With the possible exception of the section on geometry, 
the book is self-sufficient, even to the point of providing space for 
the student’s work. An Answer Key, on perforated sheets, is 
given in the back. To each section of work in which problem 
solving is of importance on the college level, sets of carefully 
constructed problems have been attached. The choice of illus- 
trative and problem material is especially gratifying. The stu- 
dent is given a painless introduction to many physical terms and 
is enabled to see that many common relations can be expressed 
as simple formulas, like the easy ones in a high-school mathe- 
matics book. 

Some might object to the definitions of temperature coefficients 
as given on p. 67 and to the lack of even a word of explanation 
regarding the symbol delta used there. Also, a more cheerful 
cover than the solemn black and gray would make the book more 
attractive to the eye. But these are mere quibbles, for ‘‘Pre- 
College Mathematics” is an excellent workbook and meets 
a distinct need long felt by teachers of first-year college courses 
in the sciences. Joun H. Yor 
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Unrts in Cuemistry. Russell S. Howard, Head of the Science 
Department, Lyons Township High School and Junior College, 
La Grange, Illinois. Henry Holt and Company, New York 
City, 1934. viii + 756 + Lxvur pp. 950 problems. 356 
figs. Appendix with 22 tables. 13 X 19.5cm. $1.80. 


In his preface the author makes no claim to uniqueness other 
than for the advantages to be derived because of his departure 
from the usual arrangement of subject matter. The book is 
written from the standpoint of the Unit Method (see the author’s 
article: ‘‘Some Aspects of the Unit Method of Teaching Chem- 
istry” [J. Camm. Epuc., 8, 910-8 (May, 1931)]). Instead of 
having thirty or forty chapters he rearranges his material into 
eight Units. The ideal is for each unit to be a self-contained 
whole, in so far as the subject matter will allow, so that the stu- 
dent may learn more effectively by confining his attention for the 
time to a “limited objective.” The titles of the Units are: I. 
Matter Undergoing Changes; II. Solution and Crystallization; 
III. General Properties of Gases; IV. The Atom and the Mole- 
cule; V. Ionization, Acids, Bases, and Salts; VI. Non-Metals 
and their Relatives; VII. The Metals and Their Compounds; 
VIII. The Nature of Carbon Compounds. 

The objective is accomplished very well in all of the Units but 
the first. In it a number of chemical changes are introduced in 
a very elementary way but the exclusion of all modern knowledge 
of the structure of matter detracts from its effectiveness. It 
would be more challenging to an intellectually active student if 
he were given a part, at least, of the electrical theory of matter 
at this time. The last Unit is an especially good elementary 
review of organic compounds. , 

Ions are not mentioned until one-third of the way through the 
book and atomic structure not until p. 453. The new information 
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that is given to the student in these sections, which in themselves 
are well done but not entirely modern, is largely disregarded in 
dealing with the reactions and properties that are mentioned 
subsequently. Very few reactions of strong electrolytes are rep- 
resented by ionic equations. Ionization is presented from the 
standpoint of the Arrhenius theory. Its inadequacy for strong 
electrolytes is not mentioned, nor is there any suggestion of the 
modern views of acids and bases. The questionable assertion 
on p. 271, “... it is now commonly believed that water is the 
cause of the dissociation or ionization of molecules of electrolytes in 
solution,” (italics are the author’s) illustrates an apparent gen- 
eral tendency for accuracy of statement to be considered less 
essential than a method of presentation. 

Although oxidation and reduction are explained (pp. 214, 552) 
as valence changes caused by loss and gain of electrons, equations 
involving such changes are balanced by an oxygen method 
(pp. 347, 509). 

Errors of fact are: ‘‘Hydrogen is always electropositive. . 
(p. 205); “dry hydrogen chloride does not react with metals to 
give hydrogen” (p. 279); ‘‘artificial rubies are chemically identi- 
cal with natural ones” (p. 496) [cf. O’LEaRY, ROYER, AND PAPISH, 
Science, 80, 412-4 (Nov. 2, 1934)]; “the ferric iron test is due to 
the formation of ferric sulphocyanate’”’ (p. 547). 

The method of finding a formula from percentage composition 
(p. 196) is somewhat misleading because of being applied to a 
single molecule with the impossible result ‘Cy.sH7.¢3,”” which 
“does not therefore represent the true number of atoms” in the 
molecule. The ratio does, however, represent the true number of 
gram atoms in one hundred grams of the compound. This is a 
statistical calculation in reality and is best represented as such. 

The book abounds in well-chosen drawings and illustrations. 
There are many excellent descriptions of laboratory and techni- 
cal processes. It is on the whole a very interesting and well- 
written book and it reflects the author’s reputation for being a 
stimulating teacher. Unfortunately, his primary objective has 
been to rearrange traditional material when much of the theoreti- 
cal part of the latter seems to need revision because of the new 
knowledge of matter that has been obtained in recent times. 

E. A. WiLDMAN 
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THE PuysicaL BAsis OF THINGS. 
of Physics, University of Iowa. 
pany, Inc., New York City, 1934. 
15 X 23 cm. $83.75. 

This book, one of the International Series in Physics, is written 
“not for the physics specialist but for the student of general in- 
terests.”” It is intended for “those who will look into nature 
with curiosity. It does not aim primarily to give information 
but to give appreciation of the meaning of modern physics.” 
With the use of only the simplest mathematics the author en- 
deavors to bridge the gap between the concepts formed in an ele- 
menti‘ty physics course and those by which the modern physicist 
views the physical world. % 

If the reader weathers the first two chapters on Relativity, 
which are supposed ‘‘to throw the reader precipitately into mod- 
ern physics” and to “‘cause some disturbance to complacency,” 
he will find himself interested in a logical and lucid exposition of 
physical principles and laws. The only difficulty a physics lay- 
man might find would be in understanding the last two chapters 
on the newer physics. 

Using the development of the quantum theory as a connecting 
thread the author leads the reader through the phenomena of the 
familiar kinetic theory of molecular motion, electrons, protons, 
and electromagnetic waves to a discussion of the quantum theory; 
then through X-ray phenomena to the theories of atomic struc- 
ture, with special chapters devoted to molecular rotation and 
vibration, radioactivity, and nuclear physics; and finally by easy 
transition into present quantum mechanics. 

This text should prove instructive and useful to those who are 
desirous of obtaining insight into the mazes of modern physics, 
but have been deterred liitherto by dismaying mathematical 
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symbolism. It should be of particular value as providing a 
means of aligning physical concepts which to the layman have 
appeared chaotic. 

It is not to be assumed that this book will furnish a complete 
understanding of all modern physical concepts. The author has 
provided a list of texts for collateral reading, both general and 
by chapters, for those who desire more detailed and comprehen- 
sive information. In addition, there is a set of questions, both 
quantitative and qualitative, for each chapter. 


CHARLES G. EICHLIN 


UNIVERSITY OF MARYLAND 
COLLEGE PARK, MARYLAND 


PRACTICAL EveRYDAY CuHemistry. H. Bennett, F.A.I.C., 
Editor-in-Chief of The Chemical Formulary. The Chemical 
Publishing Co., New York City, 19384. xv + 305 pp. 14 X 
21cm. $2.00. 

This book aims to formulate or give the method of preparation 
of anything one may ever be inclined to use, whether or not it in- 
volves the incorporation of substances usually classified as chemi- 
cals. The author stresses the point that the book is exclusively 
practical and presents no theoretical considerations of any kind. 
It is written in formulary style and treats of every subject from 
“Absinthe, English” to ‘‘Zinc, Coloring Die Cast.’’ The mate- 
rial included is so all-embracing as to be of interest and use to 
everyone from the kitchen, garage, or laboratory worker to the 
large-scale chemical manufacturer. 

The nineteen chapter headings are: Adhesives; Agricultural 
and Garden Specialties; Coatings, Protective and Decorative; 
Cosmetics and Drugs; Emulsions; Food Products, Beverages 
and Flavors; Inks, Carbon Paper, Crayons; Leather, Skins and 
Furs; Lubricants, Oils; Materials of Construction; Paper; 
Photography; Plating; Polishes, Abrasives; Rubber, Plastics, 
Waxes; Soaps and Cleaners; Textiles and Fibers; Miscellaneous; 
and Tables. 

It is the opinion of the reviewer that the author has assembled 
an excellent collection of formulas, of which many have been 
modified to the best up-to-the-minute practice in their particular 
fields. The material is well indexed and organized. The author 
not only presents a wealth of practical concoctions, but also in 
many cases adds sufficient descriptive matter to enable the 
reader to estimate the limits of their utility. On the whole, the 
book may be said to be a first-class reference to those things 
which are usually passed from one laboratory worker to another 
but are scarcely ever found in standard texts. 

M. H. Daskats 
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DocrorAL DISSERTATIONS ACCEPTED BY AMERICAN UNIVERSITIES 
1933-1934. Edited by Donald B. Gilchrist. Compiled for the 
National Research Council and The American Council of 
Learned Societies by the Association of Research Libraries. 
The H. W. Wilson Co., New York City, 1934. xvi + 88 pp. 
17 X 25.5cm. $1.00 postpaid. 

All doctoral dissertations accepted by American universities 
during the past year, in a single list, was the objective of The As- 
sociation of Research Libraries in planning this publication. No 
list of similar scope has previously appeared for American dis- 
sertations, although complete lists for French and German uni- 
versity dissertations have been published annually for many 
years. 

The fact that of the 2630 dissertations comprising this list, only 
966 were categorically required to be printed by the universities 
accepting them, and another 698 may or may not be printed either 
in full or in part, indicates the incompleteness of lists of printed 
theses. 

It is now almost a universal practice to file full manuscript 
theses in duplicate, and to make copies available through inter- 
library loan. For this reason the list fills a real and growing need 
to libraries. 

In form, it is very similar to, and continues the annual list in the 








field of science, issued since 1920 by the National Research Council. 
Its scope has been broadened to cover all fields of study; and that 
there may be no break in the statistical record, the dissertations in 
the field of science have been classified in the same subject groups 
used in the N.R.C. series, those for other fields being selected on 
much the same basis. 

For greater convenience, the list has been arranged in seven 
main divisions: Philosophy, Religion, Earth sciences, Biological 
sciences, Social sciences, Literature, and Art. While the arrange- 
ment is an arbitrary one, it follows in a general way the organi- 
zation of American universities into divisions and departments, 
and the finding of material is further facilitated by an Alphabetical 
Subject Index and an Author Index. 

The preliminary chapter gives an extensive record of previous 
thesis lists, annual lists of doctoral dissertations in progress, uni- 
versity publications abstracting dissertations currently, statistical 
tables showing doctorates in science according to subject, 1925-34, 
and distribution of doctorates for 1933-34 by university by sub- 
ject. 

Perhaps most useful of all to the reference librarian is a table 
showing the present practice in all universities whose theses are 
listed, as to the publication and loaning of their own dissertations. 


TecunicaL Gas ANatysis. George Lunge,*Ph.D., Dr. Ing. 
(H.C.)—Revised and rewritten by H. R. Ambler, Royal Ar- 
senal, Woolwich, England. D. Van Nostrand Company, Inc., 
New York City, 1934. xvi + 416 pp. 188 figs. 15 X 23 
cm. $8.00. 

Lunge’s well-known text, now revised and rewritten in English 
by H. R. Ambler, amply covers the methods of technical gas 
analysis. After a portion devoted to general technic, the book 
takes up (gas) volumetric, titration, gravimetric, and physical 
methods of analysis. This is followed by a section on special 
methods for individual gases. The last section covers the analy- 
sis of gases produced on the large scale, such as coal and producer 
gases, flue gases, and gases encountered in acid and alkali manu- 
facture. The material is well arranged, clearly written, and well 
illustrated. It should prove a most useful manual for the tech- 
nical gas analyst. For use in the United States, the text might 
have been improved by a greater attention to natural gas analy- 
sis. The text might well be used by students in institutions 
where instruction in gas analysis is given. Mr. Ambler is to be 
congratulated on the excellence with which he has brought out 
this Lunge text. C. J. ENGELDER 
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HANDBOOK OF CHEMISTRY AND PHySICcs. 
Editor-in-Chief. Nineteenth edition. 
lishing Co., Cleveland, Ohio, 1934. xiv + 1933 pp. 
16.5 cm. $6.00. 

The nineteenth edition of this well-known handbook is larger 
by 115 pages than its predecessor. To facilitate ready reference 
some minor rearrangements of subject matter have been made 
and the book has been divided into five sections. Each section 
is preceded by a colored, heavy-paper index page bearing the 
section table of contents. The five main sections are as follows: 
Mathematical Tables; Properties and Physical Constants; Gen- 
eral Chemical Tables, Specific Gravity and Properties of Matter; 
Heat and Hygrometry, Sound, Electricity and Magnetism, Light; 
Quantities and Units, Miscellaneous Tables. 

Among the new tables of particular interest to chemists are: 
X-ray Crystallographic Data (43 pp.); Thermodynamic Prop- 
erties of Refrigerants (14 pp.); Vapor Pressure of Carbon Di- 
oxide (1 p.); Solubility of Ammonia in Water (1 p.); Deming’s 
Periodic Table (1 p.); and various mathematical tables. 

Older tables which have been revised and enlarged include, 
among others: Physical Constants of Minerals (18 pp.); Spe- 
cific Heat of Elements (3 pp.); Indices of Refraction (13 pp.); 
Electromotive Force Series (3 pp.); Density and Specific Gravity 
of Gases and Vapors (2 pp.); Melting and Boiling Points of the 
Elements (1 p.); Viscosity of Water (2 pp.); Solubility of Gases 
in Water (2 pp.). Otro REINMUTH 























WEI PO-YANG, THE FATHER OF ALCHEMY 


leading a simple, quiet, leisurely, and peaceful life in a retreat 


The picture, reproduced from a copy of the Lieh Hsien Ch‘tian 
chuan (Complete Biographies of the Immortals) which was 
printed about 500 years ago, represents Wei Po-yang, his dog, 
and his disciple, Y2, all of whom became immortal by taking the 
medicine. 

Wei Po-Yang was a Taoist philosopher and alchemist, a native 
of Wu in the present province of Kiangsu. He described him- 
self as “a lowly man Som the country of Kuaé, who has no love 
for worldly power, glory, fame, or gains, who wastes his days 


in an unfrequented valley.” About a.p. 142 he wrote the 
Ts‘an T‘ung Ch‘i (Akinness of the Trio) which purports to be a 
commentary on the Book of Change but is really a treatise on the 
preparation of the pill of immortality. It is the earliest known 
treatise in any language which is devoted exclusively to the sub- 
ject of alchemy, but it indicates an earlier alchemical tradition 
and mentions earlier workers in the art. (Contributed by Tenney 
L. Davis. Translation by Lu-Ch‘iang Wu.) 
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SHORTER CATECHISM FOR TEACHERS. 
AA te art of teaching has this in common with the 

graphic and the literary arts—that the secret of 
genuine achievement lies in having something signifi- 
cant to say. No degree of perfection in technic can 
compensate for a paucity of ideas. 


The distinction between technic or facility of expres- 
sion and the moment of the idea expressed is so elemen- 
tary in artistic criticism that one marvels to see it so in- 
frequently applied in the evaluations of everyday life. 
For every artist of whatsoever sort there are thousands 
of competent technicians. The artist has something to 
say and he knows how to say it. The technician would 
know how to say something if only he had something 
to say. 

We do not wish to be misunderstood as casting asper- 
sions upon the competent technician. He can often 
execute ideas of more creative minds which otherwise 
would never find expression. He can do many useful 
things that call for no ideas at all. On the whole he is a 
valuable member of society and merits respect. He in- 
vites contempt only when he imagines himself to be an 
artist and gives himself airs accordingly. 


The great curse of American public education is that 
it is carried on for the most part by technicians who 
imagine themselves to be teachers. With all due re- 
spect to our normal schools, teachers’ colleges, and de- 
partments of education, they have done little enough 
to disabuse the minds of their customers of delusions 
of grandeur. We have yet to learn of such an institution 
which cross-questions applicants for entrance somewhat 


as follows. 








“So you wish to teach. What do you know that you 
think is worth teaching?” 

“What intellectual capital have you that you think 
worth sharing with rising generations?” 

“Have you evolved or adopted a point of view that 
makes possible a new outlook on any field of subject- 
matter, however limited?” 

‘“‘Have you in your own mind organized any body of 
subject-matter, however limited, into a logically 
ordered, coherent unit?” 

‘Have you acquired, or laid definite plans to acquire, 
any cultural background for the subject you contem- 
plate teaching?” 

About an hour of oral quizzing in this vein should 
constitute a salutary experience for prospective teach- 
ers. Naturally, we would not demand that all applicants 
pass the test with flying colors as a prerequisite to ac- 
ceptance, any more than we would demand that all 
children give evidence of having something significant 
to say before being taught to write. However, such a 
preliminary examination might be counted upon to 
weed out a few of the most hopeless misfits and to 
awaken accepted candidates to a keener sense of their 
responsibilities. Certainly no teacher-training institu- 
tion should grant a diploma, and no state should grant 
a teacher’s certificate, to any would-be pedagogue who 
failed to make a good showing in a similar final ex- 
amination. 

For those who had once imagined that institutions of 
learning would automatically make teachers of them 
and who are beginning to suspect the fallacy of that 
assumption, it is not altogether too late. Self-question- 
ing is always in order. 
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The NATURE of the METALLIC STATE’ 


W. CONARD FERNELIUS ano RICHARD F. ROBEY 


The Ohio State University, Columbus, Ohio 


That condition of matter known as the metallic state 
arises because of a state of aggregation of atoms or mole- 
cules. Consequently, a metal should be defined not in 
terms of chemical behavior, but in terms of physical prop- 
erties, such as conduction of electricity without material 
transfer, possession of metallic lustre, and the presence of 
a close-packed structure. Many separate lines of investi- 
gation give considerable evidence on the nature of the me- 
tallic state. The most important of these are (1) the ap- 
plication of theoretical physics to such phenomena as the 
electrical and heat conductivity of metals, temperature co- 
efficient of conductivity, and thermal emission; (2) the 
study of the properties of solutions of metals and metallic 
compounds in non-metallic solvents such as liquid am- 
monia; and (3) the data from X-ray crystal structure an- 
alysis of metals, alloys, and metallic compounds which 
give such pertinent information as to the arrangement of 
the atoms in these materials, the nature of the bonding be- 
tween them, the effect of an alloyed metal on the structure 
and properties of another metal, and the regularities ex- 
isting among intermetallic compounds. Conclusions to 
be drawn from all these methods of attack upon the prob- 
lem agree that, fundamentally, metals owe their character- 
istic properties to the presence of relatively free, mobile 
electrons. 

The constituent parts of a metal are held together 
by metallic linkages which arise when there are in- 
sufficient valency electrons to complete stable groupings 
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ANY people with considerable justification might 

argue that a consideration of the nature of the 

metallic state belongs more to the realm of the 
physicist than to that of the chemist. Yet the chem- 
istry of the metals constitutes a very large and impor- 
tant part of the field of chemistry, and a proper under- 
standing of the nature of the metallic state aids greatly 
in better understanding and coérdinating the behavior 
of the metals. 

The present methods for presenting the chemistry of 
the metals in the introductory course in chemistry may 
be summarized briefly in this way: following an intro- 
ductory discussion of the physical properties of the 
metals and some general statements concerning metal- 
lurgy, the textbooks take up the individual metals under 
the following items—occurrence, preparations, com- 
pounds, and uses. In practice, however, it has become 
customary to omit any detailed consideration of the 





* Contribution to the symposium on ‘‘Modernizing the Course 
in General Chemistry”’ conducted by the Division of Chemical 
Education at the 88th meeting of the A. C. S., Cleveland, Ohio, 
September 12, 1934. 


by sharing, so that these electrons must serve for more than 
two atoms. This type of linkage or bonding is favored by 
certain crystalline structures (close-packed) which ac- 
count for many of the characteristic physical properties of 
metals. For many purposes these circulating electrons 
may be treated as being arranged in a dynamic electron 
lattice or as constituting a degraded electron gas. When 
metals are dissolved in liquid ammonia, the conduction 
process changes progressively with dilution from that of a 
metal to that of a true electrolyte where the ammonated 
electron constitutes a type of ion not encountered elsewhere. 

The metallic linkage partakes both of the characteristics of 
the covalent (homopolar) and electrovalent (ionic or hetero- 
polar) linkage, but is perhaps best regarded not as inter- 
mediate between these two but as a separate and distinct 
type of bonding between atoms. Thus there are many 
systems which appear to be of types intermediate between 
true metallic and true covalent systems (semimetals, cer- 
tain intermetallic compounds) and between true metallic 
and true electrovalent systems (certain intermetallic com- 
pounds, certain compounds between metals and non- 
metals). The possession of metallic properties to a 
greater or lesser degree by systems other than those com- 
posed of one kind of atoms is entirely in harmony with the 
general picture. Further, by simple extensions of this 
general point of view much has been accomplished in uni- 
fying and coérdinating the complex subject of alloys and 
metallic compounds. 
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chemistry of the individual metals and to use qualita- 
tive analysis as the vehicle for teaching the chemistry 
of the metal ions. At no place in this scheme is there 
any opportunity to study the nature of the metallic 
state, and the treatment of the subject of alloys is usu- 
ally very superficial. 

One other common practice in ‘introductory chemis- 
try needs scrutiny at this time: this is the confusion 
of the metallic properties of an element with the basi- 
genic properties and the electropositivity of that ele- 
ment. While these three qualities are very closely 
parallel, it does not follow that they are synonymous. 
In short, the statement that “‘a metal is an element 
whose hydroxide is a base’’ is somewhat misleading in 
that this chemical definition does not entirely parallel 
the definition of a metal in terms of physical character- 
istics. The error becomes evident when it is realized 
(as will be shown here) that the property of metallicity 
is not, strictly speaking, an atomic property but rather 
one of a state of aggregation. 

With the great emphasis that is placed on the non- 
metals or electronegative elements in the usual course 
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in introductory chemistry, one is apt to lose sight of 
the fact that the elements are preponderantly metals. 
Of the 92 known elements, 68, or 74%, are metals and 
11 of the remainder, or 12% of the total number of 
elements, possess at least some of the characteristics of 
metals (see Figure 1). The desirability of understand- 
ing fully the general relationships among this large 
group of substances is thus evident. Add to this the 
fact that the appearance of metallic properties is not 
limited to elements alone but occurs also, as we shall 
see, in solutions (both solid and liquid), in compounds, 
and in free groups. 

Having refused to accept a chemical definition of a 
metal, it is well to make clear what is implied in the 
physical definition of a metal. Metallic substances 
are characterized by certain well-defined properties 
which are common to all.. The most important of 
these properties are: the ability to conduct electricity 
without material transfer (metallic conduction or con- 
duction of the first class) and the possession of a me- 
tallic lustre (high reflective power).* The mechanical 
properties of metals (ductility and malleability) result 
from the unique structural arrangement of the atoms 
within a solid metal. 

In presenting information on the nature of the me- 
tallic state, one may choose any one or more of three 
separate lines of experimental evidence: (1) the appli- 
cation of the newer theoretical physics to such phenom- 
ena as electrical and heat conductivity of metals, tem- 
perature coefficient of conductivity, and thermionic 
emission; (2) the results of X-ray crystal structure 
analysis of metals, alloys, and metallic compounds 
which give information on the nature of the metallic 
bond, regularities among intermetallic compounds, etc.; 
and (3) the work on solutions of the alkali and alkaline- 
earth metals in non-metallic solvents. All these will 
be treated briefly here and some attempts will be 
made to coérdinate the various lines of evidence bear- 
ing on the subject. Our purpose is not so much that of 
telling a teacher what should be taught about metallic 
substances but rather that of giving him a sufficient 
background and understanding of the subject to enable 
him to interpret experimental data and to guide prop- 
erly a student’s efforts in any inquiries into this sub- 
ject. 





* The work of E. HacEN AND H. RuBENs [Ann. Phystk., 11, 
873 (1903)] has shown that there is an exact parallelism between 
the reflection constant of a metal and its conductivity. 


ELECTRON GAS THEORIES 


The physicist has approached the problem of the me- 
tallic state in the attempt to develop a picture or a set 
of mathematical formulas which will permit him to 
correlate such properties of the metals as electrical and 
thermal conductivities, and the relationships between 
these two conductivities, thermal- and photo-emission, 
metallic reflection, etc. The physicist early recog- 
nized the electron as the most characteristic constitu- 
ent of a metal and has built his theories in terms of 
electrons. 

Although the electron seems to be demanded in the 
explanation of almost all characteristics of metals, the 
presence of electrons in metals may be clearly demon- 
strated in a number of ways: thermal- and photo- 
emission, and in the behavior of solutions of metals in 
non-metallic solvents. An interesting and apparently 
little-known demonstration is brought out in the ex- 
periments of Tolman and co-workers (21, 22) who 
measured the E.M.F. produced by the inertia of the elec- 
trons in a metal when suddenly stopped. These in- 
vestigators reasoned that one would expect the rear 
end of an accelerated metal rod to become negatively 
charged owing to the lagging behind of the relatively 
mobile electrons and that the periphery of a rotating 
disc should become negatively charged owing to the 
action of centrifugal force on the electrons within the 
disc. Although the £.m.F. produced is small, a large 
number of experiments made with different kinds and 
sizes of wire, different velocities, etc., showed not only 
that the pulse of electricity was always in the direction 
predicted, but also that the mass of the carrier calcu- 
lated on the basis of these results agreed in general with 
that found for an electron in free space (cathode rays). 

The earliest attempt at a theory of the metallic state 
is that of Drude (1900), who considered that there are 
free electrons} in the spaces between the atoms whose 
motion may be treated as those of molecules of an ideal 
gas by means of the kinetic theory. While the theory 
of Drude is no longer generally accepted, as a first at- 
tempt its success was striking, particularly so in view 
of the very simple assumptions which were made. The 
significance of the simple free electrom-gas theory is 
that it was a bold and sweeping attempt to cover all 





{ Free electrons are those which possess a considerable degree 
of unhampered motion. In any case their number will not ex- 
i the number of valence electrons and may even have a smaller 
value, 
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the electrical properties of metals by one simple assump- 
tion. Qualitatively this theory was highly successful; 
quantitatively it failed in many ways and even led to 
insurmountable contradictions. One great triumph of 
the theory was the prediction of the nearly constant 
ratio of thermal to electrical conductivity (Wiedemann- 
Franz ratio). Modifications of the simple Drude pic- 
ture by Lorentz and others brought forth much mathe- 
matical ingenuity but did not solve the real difficulties 
inherent in the simple Drude theory. In particular it 
became apparent that an electron gas obeying classical 
laws could only be reconciled with the facts if the num- 
ber of free electrons were very small compared with 
that of the atoms. This required a rejection of the 
results obtained from a consideration of the optical 
properties, and‘also necessitated the assumption of such 
long free paths that it seemed impossible to justify the 
methods of calculation used. Further considerations 
of the thermodynamics of emission phenomena indi- 
cated that the specific heat of the free electrons must 
be practically zero. It was thus evident that any fur- 
ther advance toward the solution of the problem of the 
metallic state must be in a direction leading away from 
the simple ‘“‘gas” conception. Of several such inter- 
mediate theories, none of which was entirely satisfac- 
tory, that of Wien and Griineisen (1913) is perhaps of 
most significance. Two important features are brought 
out in the Wien-Griineisen theory: (1) the assumption 
of an electron velocity independent of temperature 
and (2) the treatment of the effect of atomic vibrations 
on the length of the mean free paths of the free elec- 
trons. A complete departure from all “free” electron 
theories was put forward by Lindemann (1915) in his 
electron lattice theory. Lindemann considers the 
electrons, not to be moving about through or between 
the atoms, but rather to be situated on a space lattice 
interpenetrating the atomic lattice. Conduction of 
electricity through the metallic crystal is then con- 
sidered to take place by the drifting of the electron 
lattice through the atomic lattice, the electrons passing 
in channels between the atoms, and their motion being 
interfered with by the atomic vibrations. The electron 
lattice theory occupies an interesting and peculiar po- 
sition. On the one hand it offers a general explanation 
of the electrical and thermal properties avoiding the 
difficulties of the older theories, and receiving satisfac- 
tory support from other spheres. But, on the other 
hand, the absence of quantitative developments in con- 
nection with the electrical properties is inevitably a 
serious weakness. 

The currently accepted theory of the metallic state 
is that of Sommerfeld (1927-28) with modifications by 
Houston, Fowler, Nordheim, Block, and Lennard-Jones. 
The views elaborated by these investigators are based 
upon the application of the newer wave mechanics to 
the problem in hand. The state of the electrons in a 
metal is regarded not as a free-electron gas but rather 
as a “‘degraded”’ or “‘degenerate” gas. A,degenerate 
gas is one for which the energy distribution departs 
perceptibly from that to be expected from the classical 
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conception. Such a system is represented in the energy 
temperature curve of Figure 2 (solid line), where the 
dotted line shows the variation to be expected from 
classical equations. At high temperatures and low 
densities, the new methods lead to the same results as 
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the old, but at low temperatures show a considerable de- 
parture. When the curve becomes horizontal the de- 
generation is complete. Ep» represents a definite zero- 
point energy which is not to be expected from the classi- 
cal theory. With ordinary gases the temperatures at 
which these effects become noticeable are very low in- 
deed. Thus with helium, the effect may be expected 
to be appreciable at 5° Abs. The temperature at 
which degeneracy becomes marked will be very much 
higher as the mass of the particles becomes less. In 
this way it is calculated that an electron gas, if such ex- 
ists, would be degraded at 36,000°C. to approximately 
the same extent as helium gas would be at 5° Abs. if 
it contained the same number of particles per unit vol- 
ume. In other words, if such a thing as an electron gas 
does exist, it will be almost completely degraded at 
ordinary temperatures, and the energy will be almost 
independent of temperature. 

Although the wave mechanics does not permit of any 
precise mechanical picture of events on an atomic scale, 
we may form some idea of the condition prevailing in.a 
metal from the following considerations. The wave 
mechanics is essentially a calculus for small things in 
any situation. One of the distinguishing properties 6f 
a metal is high density, and the essential problem is one 
of determining how things, that is electrons, behave 
when they are close together. One other principle 
must be invoked at this point, namely, the Pauli ex- 
clusion principle. Essentially this principle tells us 
that electrons moving with the same speed must not be 
close together or that electrons cannot be close together 
unless their speeds are very different. In the case of 
the electronic structure of the atom the Pauli exclusion 
principle is stated somewhat differently: i:'e., two ele¢- 
trons in a single atom can never have all four quantum 
numbers the same. . Further, it can be shown that the 
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application of this principle and the wave mechanics 
to the problem of the distribution of the electrons in 
the atom is essentially a derivation of the periodic table. 
Similarly, the same attack upon the metallic state 
where a high electron density prevails reveals that 
since the electrons are close together they must not all 
be moving with the same velocity or that while (or be- 
cause) some of the electrons are moving slowly others 
are moving fast—some of them very fast. The dis- 
tribution of energy among the electrons is not in ac- 
cordance with the Maxwell-Boltzmann law so that 
the faster-moving electrons possess an amount of 
energy far in excess of that expected from the classi- 
cal relationships. In fact, the fast-moving electrons 
are moving so rapidly that they are unable to take up 
more energy when the metal is heated so that the metal 
takes up energy by increased atomic vibrations. This 
is equivalent to saying that the specific heat of the free 
electrons is zero. In the presence of an electrical field 
the movements of the fast electrons are altered but 
slightly and the conduction of electricity through a 
metal causes no appreciable alteration from the situa- 
tion prevailing when no current is passing through the 
metal. 

Such a picture of the wave-mechanical treatment of 
the metallic state is obviously very qualitative and in- 
complete but it should serve to give some idea of the 
essential points involved. While this theory is neither 
entirely satisfactory nor complete, it has gone far to- 
ward removing the more obvious difficulties of the 
older theories and to uniting the various aspects of the 
problem of the metallic state under one major treat- 
ment. Thus in many respects the newer theories are 
to be regarded not as overthrowing the Wien-Griinei- 
sen and Lindemann theories but rather as giving to 
them a new interpretation and treatment. In all fair- 
ness it may be said that the mathematical development 
has been carried farther than is justified by the sim- 
plifying assumptions involved and that there is still 
urgent need for accurate and systematic experimental 
knowledge. 


SOLUTIONS OF METALS IN NON-METALLIC SOLVENTS 


The greatest difficulties in the way of a direct attack 
on the problem of the nature of the metallic state are 
largely those concerned with the opacity and highly 
condensed nature of metallic bodies. The X-ray is 
able to penetrate dense and optically opaque matter and 
hence can furnish valuable evidence concerning the 
metallic state. Similarly, some non-metallic solvent 
in which one might dissolve a metal would yield a sys- 
tem such that one could study the properties of metals 
as a function of the concentration and thus be relieved 
of the difficulties inherent in studying matter in a 
highly condensed state. The fact that the alkali and 


alkaline-earth metals are physically soluble in. liquid 
ammonia furnished C. A. Kraus just such a system as 
we have outlined. 

At first thought the idea of a metal being soluble in a 
solvent not greatly different from water is so totally 
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outside the realm of ordinary experience that one en- 
counters no little difficulty in admitting the reality of 
such systems. Yet solutions of the alkali and alkaline- 
earth metals in liquid ammonia have been known for 
a long time and the properties of such solutions have 
been rather thoroughly studied. Brief reference to 
Table 1 shows how very soluble these metals are. While 


TABLE 1 


COMPOSITION OF SATURATED SOLUTIONS OF ALKALI METALS IN LIQUID 
AMMONIA AT DIFFERENT TEMPERATURES (MOLES NH3/GRAM 
Atom METAL) 


0” —33.7° —63.5° 
Lithium 3.60 3.74 3.80 (18) 

o° —33.8° —70° 
Sodium 5.79 5.48 5.20 

0° —33.5° — 50° 
Potassium 4.68 4.95 5.05 
Rubidium, cesium Very soluble 
Magnesium Slightly soluble 


Calcium, strontium, barium Soluble 


the alkali metals are soluble without any interaction 
with the solvent ammonia, the alkaline earth metals 
form stable ammonates of the type Ca(NHs).5._ In ap- 
pearance dilute solutions of these metals are plainly 
transparent and of a vivid blue color while the very con- 
centrated solutions have a lustrous, copper-red hue by 
reflected light but appear blue in thin sheets. In other 
words, concentrated solutions of these metals in liquid 
ammonia possess a metallic lustre. Solid calcium 
hexammonate possesses not only a metallic lustre but 
also metallic conduction. Using vapor-pressure data, 
Kraus has calculated the apparent molecular weight 
of sodium dissolved in liquid ammonia. The values so 
obtained indicate very strongly that at low concentra- 
tions (0.1 V) the apparent molecular weight is less than 
23 or, in other words, that the metal is dissociated. 
(The apparent molecular weight is the average of the 
weights of the ions arising by the dissociation.) 
Several independent lines of investigation demon- 
strate that the negative ion of these solutions is respon- 
sible for their color and is the same for all metals. 
First, one may consider the material effects accompany- 
ing the passage of the electric current through these 
solutions. If a current is sent through a dilute solu- 
tion of potassium in ammonia, one finds that there is an 
immediate and marked concentration of color in the 
neighborhood of the cathode surface, indicating an in- 
creased concentration of metal in that region. In the 
immediate neighborhood of the anode surface, the solu- 
tion becomes colorless, the colorless layer having a 
thickness of 0.1 mm. or less. If the process of elec- 
trolysis is continued for some time, the color is com- 
pletely transferred from the anode to the cathode com- 
partment. The current, of course, diminishes during 
the process owing to depletion of the solution of ions in 
the anode compartment. If the direction of current is 
reversed, the direction of color change is also reversed. 
Since the density of color increases only with increasing 
concentration of free metal, this experiment shows that 
the process of conduction in these solutions is an ionic 
one and that the potassium atoms (or ions) are trans- 
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ferred in the direction of positive current. They must, 
therefore, be positively charged. Before drawing the 
deduction that the metal is carried in the direction of 
the positive current, one should first consider another 
experiment which will show clearly what a metal really 
is. 

In a long electrolysis tube as shown in Figure 3 
Kraus introduced, near the middle of the tube, a few 
centimeters (length) of a solution of potassium in liquid 
ammonia and, on each side of the potassium solution, 
filling the tube up to the electrodes, a solution of po- 
tassium amide in liquid ammonia. Potassium amide, 
KNH,, is an electrolyte which is dissociated in liquid 
ammonia into positive potassium ions, K+, and nega- 
tive amide ions, NH2~, according to the equation: 


KNH, = K+ + NH2~ 


Remembering that the potassium solution is colored 
blue and that the potassium amide solution is colorless, 
this experiment permits one to tell in which direction 
the metal is transported under the influence of the 
electric current by observing the direction of motion 
of the colored region. If the properties characteristic 
of a solution of potassium in liquid ammonia are due 
primarily to the presence of an electropositive constitu- 
ent, one would expect that the color would move 
toward the cathode. Actually, however, the blue color 
moves toward the anode, showing that the metal is 
carried in the direction of the negative current or that 
the metallic properties of a solution of potassium are 
associated with the negative ion. Furthermore the posi- 
tive constituent of a metal has no metallic properties. 

Both of the above experiments show that in solu- 
tions of metals (at least in dilute solutions) the current 
is carried by oppositely charged ions, one of which is 
the positive ion of the metal (identical with the posi- 
tive ion of a salt of the same metal) while the other is a 
new species of ion, the electron e~, and is the same for 
all metals. Thus potassium goes into solution in am- 
monia as the ions K* and e~: 


K=Kt+e- 


Other lines of investigation show that the electron ex- 
ists in the metals prior to solution and thence it follows 
that metals owe their metallic properties to these elec- 
trons. 

The first experiment on electrolysis may now be in- 
terpreted. It appeared that on simple electrolysis the 
metal was carried from the region of the anode to that 
of the cathode; and soit was. But the metal was not 
carried from the anode to the cathode through the solu- 
tion, it was only the non-metallic constituent, the Kt 
ion, that was so carried. The metallic constituent, 
the electron e~, was carried from the anode to the cath- 
ode not through the solution but through the external 
electrical circuit. Under the action of the applied 
potential, electrons pass into the anode from the sur- 
rounding solution, since the electrodes are‘permeable 
to electrons, then through the external circuit, and, 
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finally, they reénter the solution through the cathode. 
In the external circuit, the current is carried entirely 
by electrons, in the solution, the current is carried in 
part by electrons, moving toward the anode, and in 
part by K* ions, moving toward the cation. The 
cathode is impervious to K+ ions and these ions there- 
fore accumulate at the surface, but, as they collect, an 
equivalent number of electrons enters the solution from 
the cathode so as to maintain electrical equivalence. 
This experiment is not unlike that of the electrolysis 
of potassium hydroxide in aqueous solution where the 
OH~— ion concentration becomes great in the neighbor- 
hood of the cathode (due to discharge of positive ions) 
although the OH ~ is itself attracted to the anode. 
The interpretation of the second experiment is also 
clear. The positive ions, K*, of the metal solution in 
the middle portion of the tube move in the direction 
of the positive current. They are preceded by the Kt 
ions of the potassium amide solution to the left and are 
followed by the K* ions of the potassium amide solu- 
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FIGURE 3 


The transfer of metal by the electric current. 
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FIGURE 4 


Illustrating the motion of the ions in the experiment 
represented by Figtre 3. 


tion to the right (cf. Figure 4). There is nothing of a 
metallic nature involved in this process, it is purely 
electrolytic. But consider the electrons: the electrons 
e~, being negatively charged, move in the direction of 
the negative current, to the right. They are preceded, 
by the negatively charged NHp2~ ions on the right and 
are followed by the same ions on the left. Thus, as 
time goes on, the electrons, which constitute the metal- 
lic constituent of metallic potassium, move farther and 
farther to the right. Hence, we see that these two ex- 
periments are in accord and that any apparent con- 
tradiction between them is due to one’s wrongly at- 
tributing metallic properties to the positive ion of po- 
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tassium, whereas it is the negative constituent, the 
electron, to which metallic properties are due. 

It might be well at this point to mention the studies 
of Gibson and Argo on the absorption spectra of solu- 
tions of metals in liquid ammonia. They found that 
the absorption spectra of dilute solutions of lithium, 
sodium, potassium, cesium, magnesium, and possibly 
calcium are identical. Since the positive ions (Lit, 
Mg**, etc.) of all these solutions are colorless, it follows 
that the coloring principle, the electron, in all these 
solutions is the same. 

Returning now to the conduction process of solutions 
of metals in ammonia and remembering that the cur- 
rent is carried through the solution in part by positive 
ions and in part by negative ions, the two, of course, 
moving in opposite directions, it would be of interest 
to determine the ratio of the portion of the current 
carried by the negative ion to that carried by the posi- 
tive ion and also to see if this ratio varies with the con- 
centration of dissolved metal. In other words it is de- 
sirable to know the transference numbers of the ions 
concerned. While transference measurements cannot 
well be made in the case of metal solutions in liquid 
ammonia by an analytical determination of the con- 
centration changes resulting at the electrodes on pas- 
sage of the current, they may be determined by meas- 
uring the electromotive force of concentration cells 
with transference. The approximate values of such 
transference numbers are calculated by means of the 
Nernst equation: 

2nRT,. G 
E= F In G 
where FE is the measured electromotive force, R is the 
gas constant in joules, 7 is the absolute temperature, 
F is the electrochemical equivalent, C,; and C2 are the 
concentrations of the two solutions under considera- 
tion, and is the transference number (fraction of the 
total current carried by one kind of ion) of the ion (Na*) 
with respect to which the electrodes are impermeable. 
The results of such calculations from the measured 
electromotive force of concentration cells in liquid am- 
monia are shown in Figure 5 where the values of the 
ratio, (1—m)/n, of the carrying capacity of the negative 
ion (electron) to that of the positive ion (sodium) are 
plotted against the logarithms of the reciprocal of the 
mean concentration of the solutions. It will be noted 
that in the most dilute solutions the negative carriers, 
the electrons, have 7 times the carrying capacity of the 
positive ions, or, in other words, since the two ions have 
the same charge, the mean speed of the electrons is 7 
times that of the sodium ions. On the other hand, as 
the concentration increases, the relative conducting 
power of the electrons increases, at first slowly and 
then more and more rapidly. Since the positive ion is 
a sodium ion, there is reason for believing that its carry- 
ing capacity is substantially independent of concentra- 
tion. Therefore, with increasing concentration, the 
mean speed of the electrons increases very greatly. 
Thus at 0.1 N, the mean speed of the electrons has 
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Variation of the ratio of the transference numbers of elec- 
trons and sodium ions with concentration, 




















mounted to 30 times that of the sodium ions and, at a 
concentration of a little less than normal (most con- 
centrated solutions measured) it is 280 times that of 
the sodium ions. In other words, at concentrations 
near normal, the negative has 40 or more times the 
carrying capacity that it has at very low concentrations. 

The low conducting power of electrons at low con- 
centrations might be accounted for by assuming that 
they are to a large extent associated with ammonia 
molecules: 

e~ + xNH; = e~(NHs3), 


Association of electrons with ammonia molecules is to 
be expected because of the infinitesimal size of the 
electron in relation to its charge. As the concentra- 
tion of electrons increases, some of them become free 
and move as they do in metals, carrying no matter with 
them other than their own inappreciable mass. These, 
therefore, would have a very high speed and it follows 
that the conductance of such solutions should be very 
great. This prediction is borne out by experiment, as 
will be shown. For dilute solutions one may go even 
farther and calculate the conductance of the sodium 
solution. The conductance due to the electrons in 
these solutions is 7 times that due to the sodium ions. 
The conductance of the sodium ion, as derived from 
measurement of the conductance and the transference 
numbers of ordinary salts dissolved in liquid ammonia 
is 130. Therefore, the conductance due to the electrons 
(in dilute solution) should be 7 X 130 = 910 and the 
total conductance of the sodium solution should be 
910 + 130 = 1040. The agreement between the cal- 
culated value and the directly measured value is ex- 
cellent. 

The conductance of a solution of a metal in liquid 
ammonia is readily measured by conventional methods. 
For present purposes, the equivalent, or atomic con- 











FeBRuarY, 1935 


ductance will be of greatest interest since it enables 
one to compare the conducting power of a given num- 
ber of metal atoms at different concentrations or other- 
wise variable conditions. Figure 6 shows the atomic 
conductance of sodium as a function of concentration, 
while Figure 7 shows, on a considerably enlarged scale, 
the same data for solutions of lithium, sodium, and po- 
tassium in the dilute range only. The form of these 
curves differs vastly from that for a typical electrolyte 
(Figure 7). From exceedingly high values near satura- 
tion (approximately 80,000 for sodium at 2 \), the con- 
ductance falls rapidly (about 3000 for sodium at N), 
passes through a minimum (about 0.05 where the con- 
ductance of a sodium solution is 470), rises again and 
approaches a constant value. In the most concen- 
trated regions the conductance of these solutions com- 
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The conductance of solutions of sodium as a function of di- 
lution (—33°). 


pares favorably with that of metals. The specific 
conductivities for saturated solutions of sodium and 
potassium (—33.5°) are 0.5047 X 104 and 0.4569 x 
104, respectively. The specific conductance of mer- 
cury (20°) 1.063 x 104, which value is only a little 
more than twice that of a saturated solution of sodium 
in ammonia and only 6 times that of a solution 2 N in 
sodium. Ifa comparison is made on the basis of atomic 
conductances (sp. cond./gram atoms per cc.) instead 
of specific conductance, a better correlation is noted. 
For example, the atomic conductance of iron is 0.8031 
X 108, of strontium 0.7194 xX 10°, and of mercury 
0.1564 X 10°, while that of a saturated solution of so- 
dium in liquid ammonia is 0.873 X 10°. The conduc- 
tance curve for concentrated solutions of potassium is 
almost identical with that of sodium. Not only are 
the conductances of concentrated solutions of metals 
equal in magnitude to that of many metals but they are 
practically independent of the nature of the positive 
ion. 

The shape of the conductance curve for dilute solu- 
tions of metals resembles very closely that of an ordi- 
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nary electrolyte. Beginning at N/20 the conductance 
increases as the concentration decreases and approaches 
a limiting value of approximately 1016 at very low 
concentrations. This value is in good agreement with 
the value 1040, as calculated from transference meas- 
urements. If the ammonated electron is the negative 
ion common to dilute ammonia solutions of all metals, 
it should be possible to account for the differences in 
conductance of solutions of lithium, sodium, and po- 
tassium on the basis of the differences in the conduct- 
ing powers of lithium, sodium, and potassium ions. 
For these ions the conductance (at low concentrations) 
is, respectively: 112, 130, and 168, which corresponds 
approximately, at least, with the relatiye positions of 
the three curves in Figure 7. 
To summarize we may quote Kraus:* 


These solutions, therefore, constitute a connecting link be- 
tween metallic and electrolytic conductors. In dilute solutions 
the process is, at least in part, electrolytic. A portion of the 
current is carried by the positive carriers as they appear in solu- 
tions of the common salts. The negative carrier is chemically 
uncombined, but is associated with one or more molecules of the 
solvent. These carriers are identical for solutions of all metals, 
and, when the discharge occurs at the anode, the only material 
process which takes place is that a portion of the solvent is left 
behind in the immediate neighborhood of this electrode. As the 
concentration of the solution increases, the nature of the phe- 
nomenon changes only in so far as the combination of the negative 
carrier with ammonia is affected. At the higher concentrations, 
the negative carriers are free from association with the ammonia 
molecules to a greater and greater extent. And, since under 
these conditions the negative carrier is associated with no matter 
of atomic dimensions, it follows that all the material effects cease 
so far as these carriers are concerned. It is not to be understood 


*C. A. Kraus, J. Am. Chem. Soc., 43, 766 (1921). 
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The conductances of solutions of sodium (A), potassium 
(B), lithium (C), and potassium nitrate (D), in liquid am- 
monia at —33°. 
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that a given carrier is free from association with the solvent 
molecules for any considerable period of time. Obviously, an 
equilibrium must exist between the free carriers and the com- 
bined carriers and ammonia, which results in a constant inter- 
change between the free and bound carriers. During the interval 
over which these carriers are free from the solvent molecules, 
they conduct just as they do in metals. As the concentration is 
further increased, the number of free carriers constantly in- 
creases. It is evident that their number in the more dilute solu- 
tion, for example in the neighborhood of normal, must be rela- 
tively small, since at the higher concentrations the equivalent 
conductance reaches values some one hundred times as great as 
that at normal concentration. It is not possible to determine the 
actual number of carriers in the more concentrated solutions. 
In the more dilute solutions, however, it appears that the number 
of carriers decreases with increasing concentration, just as it does 
in the case of normal electrolytes in ammonia. 

There is nothing to distinguish the more concentrated solutions 
from actual metallic substances. It may be concluded, there- 
fore, that the process of conduction in the case of ordinary metals 
is effected by means of the same negative carrier. Since this 
carrier is negatively charged and has sub-atomic dimensions, we 
may conclude that it is identical with the negative electron as it 
appears in radioactive and other phenomena. 


Another convincing proof of the resemblance be- 
tween metal solutions and true metals arises from a 
consideration of the conductance-temperature coeffi- 
cient of metal solutions. Again quoting Professor 
Kraus (8): 


As is well known, the resistance of metals, in general, increases 
with the temperature while that of electrolytes decreases. The 
temperature coefficient for metals is about 0.38 per cent. per 
degree, while that of electrolytes is several per cent. per degree, 
being about the same as that of the temperature-viscosity co- 
efficient of the pure solvent. For potassium, the resistance- 
temperature coefficient has a value of 1.42 per cent. at a concen- 
tration of about 0.1 normal. With increasing concentration, the 
coefficient increases, reaching a maximum of 4.55 per cent. At 
still higher concentrations, the coefficient diminishes very rapidly, 
reaching a value of 0.044 per cent. for the saturated solution. 
The curve is illustrated in Figure 8. 
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Temperature coefficient of conductance of sodium in am- 
monia as a function of concentration. 


The physicist’s picture of the state of the electrons 
within a metal as being similar to that of a gas under 
high pressure perhaps finds confirmation in the be- 
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havior of metals dissolved in liquid ammonia. When 
sodium or potassium is added to liquid ammonia, one 
of the most noticeable characteristics is the tremendous 
volume increase in the resulting solution. If a satu- 
rated solution is prepared, one in which for every gram 
atom of sodium (23 g.) there is present approximately 
93 g. of liquid ammonia, the volume of the mixture is 
markedly higher than one would ordinarily predict. 
Twenty-three grams of sodium occupy «bout 23 cc. and 
93 g. of liquid ammonia about 137 cc: at —33°. If no 
change in volume took place when the sodium dissolves, 
the total volume of the solution would be about 160 cc. 
However, calculations from the measured density of the 
saturated solution show that the total volume is slightly 
more than 200 cc., which represents a volume increase 
of 41 cc. or approximately 25 per cent. Figures 9 and 
10 show for solutions of sodium and potassium (17) in 






































0.76 iN 
hm Cc 

0.72 | 
% 0.68 — 
hey A 

0.64 
A y 

0.60 / 

0.56 

0 20 40 60 80 100 
Mols NH; per g. mol of solute. 
FIGURE 9 


Densities of liquid ammonia solutions of sodium (A), potas- 
sium (B), and sodium bromide (C), as a function of concen- 
tration. 


liquid ammonia the variation of the density with the 
concentration of the solution expressed in terms of the 
number of moles of ammonia per gram atom of metal 
and the volume change per gram atom of metal, re- 
spectively. Since the density of the typical electrolyte, 
sodium bromide (17), decreases normally with de- 
creasing concentration of electrolyte and since the 
metals are present in their solutions as normal positive 
ions, the volume change of metal solutions must be 
ascribed chiefly to the electron which, freed from the 
constraints under which it exists in the solid metal, 
occupies a relatively large volume in solution. In no 
other case, either in process of solution.or of compound 
formation, has a volume change of this magnitude been 
observed. 

Every chemist recognizes that it is the electron which 
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FIGURE 10 


The change of volume in cubic centimeters per gram atom of 
metal as a function of concentration. 


is primarily responsible for reduction reactions. This 
idea finds striking confirmation in the reactions of 
liquid ammonia solutions of the alkali and alkaline- 
earth metals. These solutions, which contain free 
(ammonated) electrons, are probably the best reducing 
agents known. Typical reactions are given in the 
following equations: 
AgI + Na ——> Nal + Ag 
(Ag* + 7 -—-« Ag) 


xS + 2Na ———> Na.S, 
(S + 2e- ——> S—-) 
@"- +@- I8—-- 8") 
BiCl; + 6Na ———> Na;Bi + 3NaCl 
(Bit++ + 3e- ——> Bi) 
(Bi + 3e- ——> Bi-—~) 


GeoHe + 2Na —— 2NaGeH; 
(Ge.He + 2e- —— 2GeH;-) 


NaNO, + Na —— Na.NO, 
(NO.~ + e~ ——> NO,—~) 


Many of these reactions are entirely unknown in aque- 
ous solution. 
METALLICITY IS NOT AN ATOMIC PROPERTY 


Inasmuch as solutions of metals in liquid ammonia 
constitute a connecting link between metallic (concen- 
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trated solutions) and electrolytic conductors (dilute 
solutions) a large part of our picture of the condition 
of a metal in solution may be extended to the metals 
themselves. Thus it is clear that the electron is re- 
sponsible for metallic conduction and for the other 
properties peculiar to metals. It remains to show 
clearly that the property of metallicity is one which is 
not resident in the atoms themselves, but which ap- 
pears in a condensed state where there is mutual in- 
teraction between atoms. In other words, the prop- 
erty of metallicity is a molecular and not an atomic 
one. The most striking demonstration of the truth of 
this statement is found in the fact that ordinary metals 
(alkali metals, mercury, etc.) in the gaseous state no 
longer possess the properties characteristic of metals 
and that metallic substances at low concentrations are 
not metals. Let it be clearly understood further that 
species other than elements may possess metallic prop- 
erties. We have already seen that solutions of metals 
in ammonia and solid metal ammonates possess me- 
tallic properties. Similarly certain of those chemical 
species which we customarily designate as free groups 
or free radicals possess metallic properties. Thus the 
substituted metal ammoniums, e. g., N(CHs3),, form 
amalgams and dissolve in liquid ammonia to give blue 
solutions, similar in every way to solutions of the alkali 
metals. Furthermore, by the electrolysis of the corre- 
sponding alkyl mercuric chlorides, in liquid ammonia 
solution, Kraus obtained black deposits of CH;Hg and 
C.H;Hg which are good conductors of the electric cur- 
rent and show metallic lustre of a copper color when 
compressed. Finally, solid solutions of one metal in 
another and many compounds between metals or even 
between a metal and another element, not distinctly 
metallic, exhibit the properties of the metallic state. 


CRYSTAL STRUCTURES OF THE ELEMENTS 


Before considering the relationships between the 
metallic state and compound formation, it is advisable 
to discuss first the crystal structures of the metallic ele- 
ments. These are of interest because they show clearly 
the conditions under which the metallic type of bond 
comes into being and also because the interatomic dis- 
tances are in some cases closely connected with the 
atomic structures, and so give an indication of the state 
of the atoms in the solid crystal. 

On the basis of crystal structure, the elements fall 
into four main classes which are indicated by the divid- 
ing lines in Figure 11. The elements in Class I, the 
true metals, crystallize in one of three typical metallic 
structures: face-centered cubic, body-centered cubic, 
or close-packed hexagonal (see Figure 12). Thus it 
is evident that for these metals the crystallographic 
coérdination numbers are high (8 or 12)* and that the 
crystal may be regarded as composed of approximately 
spherical units packed as closely together as possible. 
It should be noted further that the atomic radii for 





* The crystallographic coérdination number is the number of 
nearest neighbors which each atom possesses in the lattice. 
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FIGURE 11.—CRYSTAL STRUCTURES OF THE ELEMENTS 
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these elements are approximately that which they would 
have in typical covalent compounds. 

The elements in Class II also have the three typical 
metallic structures but they are slightly modified. 
Thus cadmium and zinc are close-packed hexagonal, 
but the distances between atoms along one axis is 
greater than when spheres are packed as closely as 
possible. Aluminum and lead are cubic, but the dis- 
tances between atoms indicate that the spheres are not 
as close together as they might be. 

Class III, which includes many of the border-line 
metals such as arsenic and tellurium, is characterized 
by forming crystal structures of such a type that each 
atom has (8-N) immediate neighbors, where N is the 
number of the group of the periodic table to which the 
element belongs. Since the members of this class ex- 
hibit certain limiting characteristics which by contrast 
serve to bring out the essential nature of the true me- 
tallic bond, we may with great profit consider this class 
in some detail. 

Consider the structure of diamond (Figure 13), a 
substance which possesses no typical metallic proper- 
ties, although the fact that other Group IV elements 
(silicon, germanium, and gray tin) crystallize in the 
same structure shows that it bears an intimate relation- 
ship to metallic substances. Here each atom of carbon 
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is surrounded tetrahedrally by four other atoms, the 
whole lattice being cubic. The explanation given for 
the diamond structure is that, just as in the familiar 
covalent compounds, each atom of carbon completes 
its octet of electrons by sharing one electron with each 
of four other atoms. Thus in diamond the crystal is 
homopolar throughout and is equally strong in all di- 
rections. 

















FicurE 13.—THE DIAMOND STRUCTURE 
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Arsenic, antimony, and bismuth of Group V crystal- 
lize in the rhombohedral hexagonal type in which the 
atoms are arranged in double layers so that each has 
three close neighbors in two directions, while in the 
third direction the neighbors are farther away. (Fig- 
ure 14.) Thus there results a kind of layer lattice, the 
coérdination number within a single layer being 3. 

In Group VI (selenium and tellurium) the structure 
is of such a nature that the atoms are arranged in long 
spiral chains, so that each has two close neighbors 
(Figure 15). 

Finally, iodine of Group VII possesses a structure 
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Ficure 15 


The arrangement of atoms 
within the selenium crystal. 


Ficure 14 


The arrangement of atoms 
within a layer of a crystal of 
As, Sb, or Bi. 


such that the atoms are arranged in pairs. Hence each 
atom has one close neighbor, the remaining interatomic 
distances being considerably greater. Arsenic, sele- 
nium, and iodine resemble diamond in that each atom 
completes its octet by taking (8-N) neighbors and 
sharing one of its electrons with each. Thus it is seen 
that in these structures the electrons are not free but 
that each valency electron is associated with a particu- 
lar pair of atoms. While these covalent bonds in the 
diamond produce one large three-dimensional molecule, 
they form in the case of antimony double layer mole- 
cules and in the case of tellurium spiral chain mole- 
cules. The layers of antimony molecules, the chains 
of tellurium, and the diatomic molecules of iodine are 
bound together by forces which are probably of a mo- 
lecular nature similar to those which hold the mole- 
cules together in crystals of organic compounds. As 
will be seen later these structures are not typical of 
metals and the metallic properties of these elements are 
due to a breakdown of the true covalent type of linkage. 

Passing now to a consideration of elements of Classes 
I and II in which there are less than four available 
valency electrons and the number of neighbor atoms is 
greater than four, it is clear that each atom can no 
longer complete an octet by sharing one electron with 
each of its neighbors, because there are not enough 
electrons available. This is probably the real under- 


lying cause of the formation of the metallic bond. 
When there are insufficient electrons available for the 
completion of octets by sharing, the need arises for a 
new kind of bond in which an electron can serve for 
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more than two atoms, and so the metallic linkage comes 
into being, and is apparently favored by the three 


structures exhibited by these elements. The inter- 
atomic distances and the interrelationships of these 
distances with other constants suggest that there is 
little difference between the metallic and the covalent 
bond or rather that the metallic bond is of a covalent 
nature but differs from the normal covalent bond in 
that the electron is no longer confined to two atoms 
alone. Probably it is better to regard the true me- 
tallic bond as a separate and distinct type of linkage 
along with the typical covalent and electrovalent (het- 
eropolar) types. The metallic linkage also partakes 
of the properties of an ionic linkage for it seems likely 
that in a metal the atoms lose their ordinary valence 
electrons (or at least a portion of them) and become 
positively charged ions, while the detached electrons 
are free to circulate to some extent. Thus we have a 
picture of positively charged ions held together by a 
sort of electron gas or dynamic electron lattice in har- 
mony with the picture of the metallic state previously 
outlined. 

The mechanical properties of the metals are closely 
related to their crystal structures. The close packing 
arrangement affords the largest number of “‘planes of 
flow’ for the crystals. A pure metal crystal when 
stressed yields, not by cleavage or fracture, but by the 
formation of a glide plane in which the layers of atoms 
slip over each other with little loss of energy and with 
the reéstablishment of the same structure. It is pos- 
sible that in the ideal case of an absolutely pure metal 
with infinitely small stress, it would lose no energy at 
all in gliding. Its behavior would, in fact, be that of 
a liquid, and a pure metal crystal would only differ 
from a liquid by the regular ordering of the atoms. 

The metallic properties of Class III elements may 
now be discussed. If these elements to which have 
been assigned covalent and molecular structures, are 
really of this nature, they should be non-conductors, 
since all the valency electrons should be required for 
the covalent bonds. Actually the problem is one of 
the stability of the covalent bonds, and metallic prop- 
erties only occur as the result of the ‘‘decomposition’”’ 
or breakdown of the covalent bonds liberating some of 
the electrons concerned in thesé bonds. The varia- 
tions of the conductivities of these elements with tem- 
perature are in harmony with this view. The Class III 
elements may be regarded then as transitions between 
the metallic and the covalent linkages. 


ALLOYS 


When two or more metals are melted together the 
resulting metallic substance is called an alloy. The 
very simplicity and inclusiveness of this definition 
makes the subject of alloy systems a very complex one. 
Even the simplest case, that of two metals, presents a 
number of possibilities: (1) the metals may be soluble 
in all proportions (lead and antimony, copper and 
nickel, silver and gold); (2) the metals may have a 
limited solubility each in the other (lead and zinc); 
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(3) they may be practically insoluble in each other 
(gold and lead, gold and thallium); and (4) they may 
combine in various proportions to form definite com- 
pounds, more or less soluble in each other or in the 
metal which is present in excess. While, in general, 
metals exhibit a great solvent power for other metals 
it is evident that systems comprising more than one 
phase should be very common among alloys. When- 
ever such a heterogeneous system results, such purely 
physical factors as rate of cooling, mechanical treat- 
ment, etc., will have a great influence upon the proper- 
ties of the alloy. 

The nature of the homogeneous solid solutions formed 
in alloys is fairly well understood. The X-ray methods 
have shown that these solid solutions retain the struc- 
tures of the solvent elements, and fall into two main 
classes. In the more general ‘‘substitutional solid- 
solutions,” the solute atoms replace the atoms of the 
solvent metal upon its lattice so that the two kinds of 
atoms are situated at random upon a common lattice. 
In the more restricted class, of which the typical ex- 
ample is that of the iron-carbon alloys (steels), the 
solid solution is of the “‘interstitial’’ type, the solute 
atoms apparently fitting into the empty spaces be- 
tween the atoms of the solvent. 

The substitution of either larger or smaller atoms in 
a metallic lattice naturally causes distortion of the lat- 
tice and this change in size may be detected by X-ray 
analysis. When this distortion becomes so great that 
the lattice is no longer stable, the solid solution is satu- 
rated and the addition of more solute will cause the 
lattice to change. It seems that the more non-metallic 
the solute, the more it will distort the lattice of a truly 
metallic solvent and the less soluble it will be in the 
metal. Thus, while copper (a true metal) may be sub- 
stituted in the nickel lattice without much distortion, 
arsenic substituted in the same lattice causes a great 
deal of distortion. The greater the distortion of the 
metallic lattice, the weaker the metallic properties. 
That is the alloys become (1) harder and more brittle, 
(2) less malleable and ductile, and (3) poorer conduc- 
tors of electricity and heat. A measurable increase in 
resistance can be detected with amounts of an impurity 
(solute) as small as one atom in 10° atoms of the pure 
metal. This fact has often been interpreted as sug- 
gesting that the mean free path of the electrons in the 
metal is of the order of 10? times the interatomic dis- 
tance. 


INTERMETALLIC COMPOUNDS 


Turning now to the topic of intermetallic compounds 
one is at once impressed by two very evident generali- 
ties: (1) the apparent failure of these compounds to 
follow any of the familiar rules of valence and (2) the 
frequent multiplicity of compounds derivable from a 
single pair of elements: e. g., AgCd, AgsCds, AgCds; 
LiHg;s, LiHg:, LiHg, LisHg; NasSn, NaySns, NaeSn, 
NaSn, NaSnz. 

This class of compounds is an extremely interesting 
one and well worthy of far more attention than it has 
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so far received. X-ray crystallography has been par- 
ticularly important in the development of the present 
state of knowledge concerning these compounds. At 
the very start it should be pointed out that intermetal- 
lic compounds include not only substances which are 
typically metallic in their nature but also others which 
constitute definite transitions between the metallic 
linkage on the one hand and both the covalent and 
electrovalent linkages on the other. When a truly 
metallic compound is formed, irregular valency rela- 
tions are quite to be expected. It is the essence of 
chemical combination that the atoms share or exchange 
electrons in such a way that stable groupings are 
formed, and the so-called valency rules of the ordinary 
non-metallic compounds of chemistry are the result of 
two facts, namely, first that certain definite numbers 
of electrons constitute stable groups (usually octets), 
and, secondly that all the available valency electrons 
are used up, and bound into the stable groups. It is 
because all the valency electrons are employed, that 
the metallic properties of the constituent elements are 
lost in the compound. Consequently, it is at once ap- 
parent that, if free electrons are left over so as to make 
a truly metallic compound, the valency relations must 
in general be different from those in the normal com- 
pounds in which all the electrons are used up. 

The classification of intermetallic compounds is very 
difficult. Not only are the experimental difficulties 
great, but as yet no single theoretical or empirical 
method of treatment has been sufficiently powerful to 
elucidate more than a portion of the entire field. Fi- 
nally intermetallic compounds form solid solutions 
with each other and with their constituent elements 
giving rise to new and complicating alloy phases. 

Particularly interesting results have been obtained 
in connection with the structure of certain copper, 
silver, and gold alloys and the generalizations which 
have been made throw considerable light on the nature 
of intermetallic compounds and of intermediate alloy 
phases. Starting with pure copper and adding in- 
creasing amounts of the second metal, say zinc (see 
Figure 16), the first phase is a simple solid solution of 
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zinc in copper: 7. ¢., the zinc atoms replace copper 
atoms in the face-centered cubic copper lattice. As 
the percentage of the second element is increased these 
simple or “‘alpha’’ solid solutions reach their limit, and 
new phases are formed. These are generally known as 
‘“‘beta’’ phases and in several cases, such as in brass, 
have a body-centered cubic lattice. With increasing 
percentages of the second element, phases with the so- 
called ‘‘gamma’’ structures are often formed, while 
still later hexagonal close-packed structures (epsilon- 
structures) appear. When the second metal is present 
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in great excess, a solid solution of the first in the second 
results (copper in zinc or y-brass). As shown above 
solid solutions of one metal in another (a- and 7-brass) 
are essentially little different from simple metals and 
have the properties of normal metals. The beta- 
phases also have the properties of normal metals while 
the gamma and close-packed (epsilon) structures are 
hard and brittle and for this reason have always been 
classed as compounds. 

It has been shown that in many cases the composi- 
tions of the beta-phases are such that the ratio of va- 
lency electrons to atoms is approximately */. (Hume- 
Rothery, Westgren and Phragmén). (See Table 2.) 


TABLE 2 
8-PHASES 


Valence 


Atoms Electrons 


CuZn 
CusSn 
AgCd 
AuCd 
AuZn 
AgZn 
CusAl 
CuBe 
AgMg 


3/2 
3/2 
3/2 
3/2 
3/2 
3/2 
3/2 
3/2 
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21/13 
21/13 
21/13 
21/13 
21/13 
21/13 
21/13 
21/13 
21/13 


CusZns 
CuaSns 
AgsCds 
AusCds 
AusZns 
AgsZns 
CwAL 
Nasi Pbs 
CusCds 

¢€-PHASES 
7/4 
7/4 
7/4 
7/4 
7/4 
7/4 
7/4 
7/4 


CuZnsz 
CusSn 
AgCds 
AuCds 
AuZn3 
AgZnsz 
AgsSn 
AusSn 
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Similarly the very complex gamma-structures are de- 
rived from such fundamental units as CusZng and Cup- 
Al, corresponding to the ratio of 21 valency electrons 
to 13 atoms (Bradley and co-workers, Westgren and 
Phragmén). Finally, the close-packed hexagonal or 
epsilon-structure is most frequently found when the 
ratio is 7:4 (Westgren and Phragmén). When transi- 
tion elements such as the iron, palladium, and platinum 
metals are combined with zinc, cadmium, or aluminum, 
phases analogous to f- or y-brass are also formed. 
The rules stated above seem to apply also to them, pro- 
vided the transition metals may be considered to have 
a valency of zero (23). 

It is evident that these ratios must be related in some 
fundamental way to the binding forces within the struc- 
tures. In this connection Perlitz (20) has made a 
simple, but interesting, calculation from which he 
has drawn some far-reaching conclusions. If m = 
the number of valence electrons per atom of ‘‘A’’, 
= the number of valence electrons per atom of ‘“B”’, 
x = the number of atoms of ‘‘A”’ per molecule, and y 
= the number of atoms of ‘“B’’ per molecule: then 


The total number of valence electrons 
The total number of atoms per molecule 


= K = 





where 
(1 < K < 2) by observation 


Since the left-hand side of this equation is positive, the 
right-hand side must also be positive. This can be true 
only when, 


mt K 3 0. 


From this inequality, Perlitz concludes: 

(1) No beta-, gamma-, or epsilon-structure can be 
formed if the two component atoms have the same 
number of valency electrons. This virtually makes 
impossible intermetallic compounds of these structures 
between members of the same group of the periodic 
table. 

(2) A beta-, gamma-, or epsilon-structure is to be 
expected if one component has less and the other com- 
ponent more electrons than the value of K. 

(3) Since the ratio is between two integers (one and 
two), all the structures are to appear together in the 
same system. 

(4) Since the lower and upper limits of the concen- 
tration of electrons (K) is one and two, these structures 
are to be expected in binary intermetallic compounds 
if one component has not more than one and the other 
not less than two valence electrons per atom. 

Since the beta-phases have most of the properties 
of ordinary metals, the binding forces must be of the 
same nature as those in pure metals. Probably the 
best view is that the whole crystal is to be looked upon 
as a gigantic molecule, in which the ratio of 3 electrons 
to 2 atoms enables a stable grouping to be formed, but 
in which free interchange of electrons is still possible. 
This rule is found to break down for body-centered 
cubic structures when the elements concerned are 
considerably removed from the noble metals [cf. ZintL 
(27, 30)] and it obviously does not take into account 
other factors, particularly the atomic radii. Yet it 
does not seem unreasonable to conclude that, when 
other conditions are favorable, the type of crystal struc- 
ture in many alloys is determined principally by the 
ratio of atoms to valency electrons. 

The situation is somewhat different, however, in the 
case of gamma-phases. These substances are brittle, 
poorer conductors of the electric current, and in many 
ways quite distinct in properties from ordinary metals. 
It has been suggested (Bernal) that these substances are 
to be looked upon as covalent or homopolar structures, 
in which the atoms are bound together by shared elec- 
trons in orbits which include more than one atom. 
Just as a silicon or germanium crystal is to be looked 
upon as one immense molecule bound together by 
shared electrons, so in the case of these phases the 
whole structure is one huge molecule bound together 
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by similar bonds. This view is in complete agreement 
with the maintenance of the ratio 13 atoms to 21 va- 
lency electrons, for as long as the structure requiresa 
certain number of atoms to a certain number of co- 
valent bonds, it is immaterial as to which atom pro- 
vides the valency electrons. The simplest example of 
this kind is that of the diamond type of structure, which 
is formed not only by the elements carbon, silicon, 
germanium, and gray tin with four valency electrons 
per atom, but also by a whole series of compounds such 
as GaAs, ZnSe, and CuBr, in which the only character- 
istic is that there are always eight valency electrons to 
two atoms. This explanation of the gamma-phases is 
in complete harmony with the observed solubility re- 
lations and electrical conductance. 

What has been said about the gamma-phases may be 
extended with little modification to the hexagonal 
close-packed epsilon-phases. 

To summarize, it may be said that the intermetallic 
compounds so far discussed exhibit the properties as- 
sociated with typical metallic linkages (beta-phases) or 
with linkages intermediate between the metallic and 
electrovalent types. 


OTHER METALLIC COMPOUNDS 


Any student of mineralogy recognizes that many of 
the familiar minerals—galena, pyrite, etc., exhibit 
many of the properties characteristic of metals: 1. ¢., 
lustre, opacity, electrical conductivity, ability to alloy 
with one of their constituents, etc. There can be no 
doubt that at least a part of the binding forces in these 
substances are metallic. From the crystal structure 
one does not know whether or not ions exist in crystals 
of such substances as NiAs, FeS, and FeS. but the 
structure of the latter, pyrite, is interesting in that it 
shows that the sulfur atoms are definitely paired to 
produce S, groups. 

Evidence concerning the transition between metals 
and salts is found in a large group of substances which 
are essentially similar to the familiar polysulfides. 
Indeed, the general nature of these substances may be 
best illustrated by considering the series of compounds 
which are formed between the elements sodium and 
sulfur. Many independent lines of evidence (melting 
point-composition data, simple preparative work, po- 
tentiometric titration, etc.) have shown that these two 
elements form the following series of compounds: 
NaeS, NaeSe, NaoS3, NaeSy, and NaS;. The first of 
these compounds is the only one in which these ele- 
ments exhibit their normal valences. However, it can 
be readily shown that the higher or polysulfides differ 
from the normal sulfide only in the composition of the 
negative ion. That is, all the ions from S~~ to S;-~ 
bear the same double negative charge and differ only 
in the number of sulfur atoms coérdinated to a central 
sulfur which has acquired two electrons from the so- 
dium atoms. Everyone grants the analogy between 
the polysulfides and the polyhalides. The multiplicity 
of compounds between sodium and sulfur is a result 
then of the formation of complex ions of sulfur. 
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This same tendency, long recognized in the case of 
sulfur and the halogens, extends also to selenium and 
tellurium and furthermore to the elements phosphorus, 
arsenic, antimony, and bismuth of Group V and lead, 
tin, and germanium of Group IV. In each of these 
cases the compound with highest ratio of alkali to the 
other element has a composition in accordance with 
the usual valence of the element of Groups IV, V, and 
VI (e. g., NasPb, NasAs, NaeTe, etc.), while the other 
compounds possess complex negative ions: e. g., Pbo*~, 
Sb7-, Te.—~, etc. The study of this type of compound 
has been greatly hindered by the fact that most of them 
are extremely sensitive to oxidation and many are com- 
pletely destroyed by the action of water. Recently, 
however, a good deal of information concerning these 
substances has been obtained from studies in liquid 
ammonia, a solvent in which all these compounds are 
stable and in which all but the normal valence com- 
pounds are soluble.* 

A consideration of molecular weights in solution, 
energy effects of formation, conductance measure- 
ments, electrolyses, and metathetic reactions all point 
definitely to the conclusion that these materials are 
true salts (13). Yet in the solid condition many of 
these substances possess metallic properties.f 

Thus, while sodium telluride is in no sense metallic, 
sodium antimonide and sodium stannide are distinctly 
metallic. Furthermore, while sodium telluride and the 
alkali polysulfides are non-metallic, the sodium poly- 
tellurides are truly metallic, the degree of metallicity 
increasing with increasing amounts of tellurium in the 
complex anion (19). Finally, even the normal tellu- 
rides of less electropositive elements, such as lead and 
silver, exhibit distinctly metallic properties. The 
same statement may even be made concerning certain 
of the normal sulfides and oxides. In general, for 
compounds of a given strongly electropositive element 
the property of metallicity increases: (1) the further 
the electronegative element is removed from a rare gas 
in the periodic arrangement; (2) the greater the atomic 
weight of the electronegative element within a par- 
ticular family; and (3) the greater the complexity of 
the negative ion. There is nothing to indicate that, in 
their composition, these metallic compounds differ 
materially from similar non-metallic compounds which 
exhibit a salt-like structure. The metallic properties 
are determined primarily by the relative electroposi- 
tiveness and electronegativeness of the elements con- 
cerned in the compound. 


* Metals more than four places before a rare-gas structure give 
ammonia-insoluble metallic phases. 

{ Zintl and coworkers have recently shown that NasPbs, 
NasSb7, NasBis, and NasBi; exist only in solution and that, upon 
the removal of ammonia, the complex anions break down so that 
a mixture of metallic phases, Na with NaPb;, Sb with NaSb, 
Bi with NaBi, resp., results (25, 26, 29). These findings invalidate 
a portion of the point of view adopted above, but they should not 
be interpreted as arguing against the existence of a very close 
relation between certain typical solid metallic phases and the salt- 
like nature of very closely related substances when dissolved in a 


suitable solvent. 
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SUMMARY 


After this lengthy discussion, let us apply ourselves 
to the problem of: What should be taught about the 
metallic state in the general chemistry course? That 
question may be answered in this way. Metallicity 
is definitely not an atomic property, but rather it arises 
out of a state of aggregation. A metal, then, should 
be defined in terms of its characteristic physical prop- 
erties rather than in terms of the chemical behavior of 
certain kinds of atoms. Fundamentally metals owe 
their characteristic properties to the presence of free 
moving electrons. The constituent parts of a metal 
are held together by metallic linkages which arise when 
there are insufficient valency electrons to complete stable 
groupings by sharing so that these electrons must 
serve for mote than two atoms. For many purposes 
these circulating electrons may be treated as a dynamic 
electron lattice or a degraded electron gas. The me- 
tallic linkage is favored by certain crystalline struc- 
tures which account for many of the characteristic 
physical properties of metals. In certain respects, 
such as atomic radii, the metallic linkage partakes of 
the characteristics of the covalent (homopolar) linkage. 
In other respects, such as ionization of the pure metal 
and of its solutions in non-metallic solvents, this linkage 
has certain properties common to those of the electro- 
valent (ionic or heteropolar) linkage. Yet this type 
of bonding is perhaps best viewed as a separate and 
distinct type of linkage between atoms. Thus there 
are many systems which appear to be of types inter- 
mediate between true metallic and true covalent sys- 
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tems and between true metallic and true electrovalent 
systems. These relations may be better visualized by 
reference to the diagrammatic representation of the dif- 
ferent kinds of valence in Figure 17. The possession of 
metallic properties to a greater or lesser extent by sys- 
tems other than those composed of one kind of atoms is 
entirely in harmony with this picture. Finally, the 
subject of alloys and intermetallic compounds, while a 
very complex one, is greatly unified and coérdinated 
by simple extensions of the general point of view. 

At some future time when the facts above outlined 
concerning the metallic state are more generally familiar 
to students of chemistry, we may expect that some of 
these same students will give us a more complete and 
general picture of the entire field. 


NaCl CCl, Diamond 
Electrovalent«—— Systems Covalent 
i Intermediate ——>Linkage 








Metallic 

Linkage 

Na, Ni, 
ete. 


FIGURE 17.—TyYPEs OF VALENCE LINKAGES 
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An EXPERIMENT nn ELEMENTARY 
CHEMISTRY TEACHING 


G. WAKEHAM 


University of Colorado, Boulder, Colorado 


HIS paper describes an attempt to apply some of 

the ideas presented in the writer’s former paper 

entitled: ‘“‘From Concrete to Abstract in Ele- 
mentary Chemistry” [J. CHEM. Epuc., 11, 168 (Mar., 
1934) ]. 

The mechanical details of the course are stated for the 
benefit of chemistry teachers: 

Subject matter: Holleman’s “Textbook of Inorganic 
Chemistry.” 

Laboratory work: Ekeley’s ‘Laboratory Manual of 
Inorganic Chemistry.’’ The illustrative problems used 
are to be found in the same manual. 

The course consisted of: forty-six sixty-minute lec- 
ture periods; forty-two thirty-minute recitation peri- 
ods; forty-six three-hour laboratory periods; eight one- 
hour written ‘‘quiz’’ periods; two two-hour final 
examination periods. The entire course was given 
during a ten-week summer session. Twelve quarter- 
hours (eight semester-hours) of college credit was 
allowed. 

The class consisted of twenty members. Fourteen 
of these were recent high-school graduates, seven were 
upper classmen, and one was a graduate student. No 
member of the class had ever taken any course in 
college chemistry and seven had not had high-school 
chemistry. 

The lecture was given each morning (five days a 
week) from 7.30 to 8.30 a.m. This was followed by a 
three-hour laboratory period, illustrating, for the most 
part, material or problems presented in the lecture. 
The daily program was completed by a half-hour recita- 
tion period in which an effort was made to ‘“‘clinch” 
the subject matter which had been presented. The 
topics for each lecture were pre-assigned for preparatory 
evening study, great care being taken to give explicit 
assignments and to point out the most profitable 
methods of study. A one-hour written ‘“‘quiz’’ was 


given at the end of each week, and a two-hour examina- 
tion at the end of each of the two semesters into which 
the summer session was divided. Students were 
advised not to attempt to take any other course, and 
most of them accepted the advice. There were no 
“snap” quizzes. No “trick” problems or questions 
were used. Nearly all the members of the class took 
the work seriously, without attempting any subter- 
fuges. No cheating was observed. 

The first semester was devoted largely to descriptive 
chemistry. The course began with a presentation of 
the philosophical basis of chemistry, leading up to the 
concept of the element. The first laboratory exercise 
was an examination of the physical properties of the 
solid elements, and their classification into metals and 
non-metals. The quantitative aspect of chemical 
affinity was amply illustrated, and the atomic theory 
was presented as an explanation of the law of definite 
proportions. The law of multiple proportions was not 
taken up until toward the end of the semester. 

During the first half of the semester, part of each 
lecture period was devoted to the presentation of some 
topic of physics essential to a comprehension of chemi- 
cal theory. The concepts of force, work, phase, den- 
sity, specific gravity, heat (including the calorie, specific 
heat, latent heat, temperature, etc.) were administered 
in homeopathic doses, amply illustrated by simple 
problems, before the study of gases and the gas laws was 
taken up. It was found necessary (as usual) to review 
the simpler methods of arithmetic and algebra, and this 
drudgery was spiced by demonstrations of the ‘“‘con- 
tracted methods” of multiplication and division com- 
monly used in Europe but largely ignored in America. 
The students found this great fun. 

The subject of combustion was developed historically. 
The substitution of ‘‘oxidation’”’ for ‘‘dephlogistication”’ 
was recognized by the students as a brilliant concept. 
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Interest in this topic made it easy to entice the class 
into a study of the properties of gases, both chemical 
and physical. The subject of ‘‘acids, bases, and salts’’ 
also opened out as a natural development, and the 
essential chemical differences between metals and non- 
metals were firmly fixed. 

Atomic and molecular weights were provisionally 
defined—quite arbitrarily—on the basis of the hydrogen 
atom unit. Obfuscation of the students by describing 
the ‘‘sixteen-to-one” controversy was avoided. This 
made it possible to give the class plenty of practice in 
“‘stoichiometrical’’ calculations and equation-writing. 

By the end of the first semester, the following topics 
of physical chemistry had been descriptively presented, 
without mathematical illustration: gas laws, Avogad- 
ro’s law, kinetic theory, osmosis, gaseous and ionic 
dissociation, and thermochemistry. Two lecture peri- 
ods were devoted to the description of common organic 
compounds. 

The second semester’s work began with the classifi- 
cation of the elements according to the Periodic Law. 
One lecture each week was devoted to a natural group 
of elements, common and transitional properties being 
emphasized rather than individual properties. The 
laboratory periods were given over chiefly to quali- 
tative and simple quantitative analysis, with no 
attempt at correlation with the lectures. One by one, 
the theoretical aspects of chemistry were thoroughly 
reviewed and illustrated mathematically. By this 
time the students knew a good deal of empirical chemis- 
try, and their curiosity regarding the reasons for things 
had been aroused. They had also had sufficient prac- 
tice in working simple problems so that arithmetic had 
become a tool rather than a stumbling block. Most of 
them could even solve a simple algebraic equation. 
The concepts of elementary physics had also had a 
little time to sink in. Avogadro’s law could now be 
presented intelligibly as an explanation of the gas laws. 
The determination of molecular weights—and the 
derivation from them of atomic weights—could be 
presented mathematically, on the basis of data ob- 
tained from vapor-density, osmotic pressure, freezing- 
point and boiling-point experiments. The classical 
mathematical derivation of the kinetic theory of gases 
could be given—and understood. Several students— 
without warning or specific preparation—succeeded in 
deriving Graham’s law, mathematically, from the 
kinetic equation. (This derivation is not given in the 
text used.) The law of mass action could be quanti- 
tatively presented, and the nature and use of equi- 
librium constants thoroughly treated. It was also 
found possible, toward the end of the semester, to 
present, in a fairly adequate way, such topics as electro- 
chemistry, radioactivity, and atomic structure. 

The avidity of the class for ‘‘more and more”’ en- 
couraged the writer to venture a little beyond the 
regular syllabus of the three-quarter course given dur- 
ing the academic year. It will be sufficient to state 
that, in the final examination, more than half of the 
class worked with ease problems of the following types: 
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(1) Hydrogen iodide is known to dissociate to the extent 
of 21% at 445°C. Assuming that one gram molecule of hydrogen 
iodide has been heated to this temperature and has reached 
equilibrium, calculate the effect upon the concentrations of the 
mixed gases if one-half gram molecule of hydrogen is added to 
the system. 


(This problem, of course, involves a quadratic 
equation. The method of solving such equations had 
been presented in class.) 


(2) The specific resistance of a 5% solution of KCl is known to 
be 14.5 ohms. ‘‘Lambda max.” for this electrolyte is 131.2 re- 
ciprocal ohms. At what temperature would this solution freeze? 


(3) The analysis of an organic compound (non-electrolyte) 
shows that it contains 40% carbon, 6.67% hydrogen, and 53.33% 
oxygen. A 1% solution of this substance in water boils at 
100.03°C. (normal pressure). 
formula of the compound. 


Determine the true molecular 


It is believed that students who can work problems 
of these types, under examination conditions, have 
reasonably clear ideas of theoretical chemistry. 


FAULTS OF THE COURSE 


It is not contended that the course was ideal. It 
was far too crowded. Organic chemistry was inade- 
quately treated. The only industrial processes which 
could be satisfactorily presented were the traditional 
ones: lead-chamber and contact, Le Blanc and Sol- 
vay, the ‘‘fixation’”’ of atmospheric nitrogen. 

But it is believed that the majority of the students 
carried away with them sound and permanent impres- 
sions of the nature of chemical science, together with a 
foundation upon which they could build up further 
chemical knowledge in almost any direction. More- 
over, the experiment seems to demonstrate the possi- 
bility of inducting into the minds of elementary stu- 
dents a clear comprehension of chemical theory if a 
sufficient basis of factual knowledge is first laid and if a 
mastery of the principles is forced home by rigorous 
mathematical treatment. The mere verbalistic memo- 
rizing of chemical laws is a fatuous procedure. The 
student should first be led to realize, by means of actual 
experiments and observations, that explanatory hy- 
potheses are demanded by the facts of nature. A full 
comprehension of the laws is then relatively easy. 

As a final expression of ‘personal preference, the 
writer would like to suggest the following program for 
introductory college chemistry: 

(a) A one-semester or two-quarter course in in- 
organic chemistry, largely descriptive, calculated to 
give the student who plans to take no more chemistry a 
general idea of the scope of the science, but also planned 
so as to arouse the curiosity of the scientifically minded 
student and lead him to further study. 

(6) A one-semester or one-quarter course in organic 
chemistry, in the latter part of the freshman year. 

(c) A one-semester or one-quarter course in ele- 
mentary theoretical chemistry (chiefly for chemistry 
“‘majors’’) in the first part of the sophomore year, to 
precede the more specialized courses in analytical and 
organic chemistry. 





A CHART for the RATIONAL 


HE WRITER has always believed it desirable to 
point out to students that chemical substances or 
groups of substances do not exist by themselves, 
but belong to systems, of which all parts are interre- 
lated. Therefore, the study of chemistry should not 
be the study of separate compounds, but a study of 
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systems, complicated or otherwise. Graphic classifica- 


tions are invaluable aids to this end. 
Decremps! (1823) published a textbook of chemistry, 
using diagrams. C. R. Hauser? gave last year a very 
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1 Decremps, M., “‘Diagrammes chimiques,” Paris, 1823. 

2? Hauser, C.R., J. Cuem. Epuc., 11, 178-9 (1934). 

3 TscutrcH, A., ‘Handbuch der Pharmakognosie,” 
1923, III, pp. 152 ‘and 161. 


Leipzig, 
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interesting chart illustrating organic reactions of the 
aliphatic series. We find many graphs in Tschirch’s? 
textbook, and also in the scient.fic publications of E. 
Zunz.‘ The writer published in 1923 graphs on ben- 
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hyde. 





N.W. corner: the phenyl halides, benzosulfonic acid, phenol. 
S.W. corner: nitrobenzene, aniline, diazobenzochloride. 
N.E. corner: toluene, benzyl chloride, benzoic acid, benzalde- 







S.E. corner: benzoyl chloride, naphthalene, anthracene. 
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zene and nitrogen compounds.® 

In reviewing the benzene compounds (see chart) the 
central place has been assigned to benzene, CsHs; the 
following places have been given to various derivatives: 
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short arrows; the conditions and reagents which affect 
the transitions also are given. 


The different derivatives are connected by means of 







In reviewing the nitrogen compounds, the organic 






> 


arid inorganic ones have not been separated. We find 


in the chart in the: 


N.W. corner: the cyanogen and amido groups. 

N.E. corner: the nitrites, nitrates, the vegetable and animal 
proteids, urea, uric acid, and purine groups. 

S.W. corner: hydrocyanic acid and its numerous derivatives. 

S.E. corner: ammonia and the amino acids. 


The study of these tables is made in the lecture, the 
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descriptions of the properties of the compounds and 
their methods of preparation being left in the back- 
ground. The methods of preparation will be taught in 
the laboratory successfully. Hence the study of the 
connections existing between chemical derivatives 
becomes easier. 

Does not chemistry, with its implications and applica- 
tions taught in this manner, become a living science? 





CONSTANT-TEMPERATURE BATH 
EMPLOYING THERMIONIC CONTROL 


G. W. THIESSEN anp L. J. FROST 


Monmouth College, Monmouth, Illinois 


ERTAIN conductivity work in progress in this 

laboratory necessitated the use of a constant- 

temperature bath. As no ready-made bath was 
available, one was made from odds and ends which 
may be found in almost every laboratory. Although 
some of the steps in the assembly may appear rather 
complicated at first glance, the work is not beyond the 
capacity of amateurs and good results are obtained. 

The bath itself was a six-gallon glass aquarium. 
The electrical equipment was constructed from parts 
either at hand or carried in stock by the average 
radio shop. The relay, type R6, made by L. S. Brach, 
Newark, N. J., was modified by substituting 12,000 
turns of No. 36 enameled wire with a resistance of 11,000 
ohms, for its original winding, and connecting the points 
so that the breaks occurred in series. The relay, to- 
gether with two radio tubes, type CX301-A, two 50- 
watt electric light bulbs, and a 25 m. f. d. condenser 
made by Polymet Mfg. Company, New York City, 
was mounted on a board eight by sixteen inches. 
Suitable terminal connections were made for the power 
line, thermoregulator, and heater. With excessively low 
line voltage, one or both bulbs may be 60 watts. 

The action of the vacuum-tube thermoregulator 
circuit is as follows: With contacts, JT, open, current 
flows through V, /, 1, Vi, in series, lighting the fila- 
ments. When A is positive, the tube V; is function- 
ing with about 50 volts positive potential applied from 
B to its plate through the relay R. This is sufficient to 
energize R and attract its armature, holding the heater 
circuit closed during the half-cycle. Tube V is mean- 
while inoperative, merely acting as a resistance in the 
filament circuit of the operative tube. When B be- 
comes positive in the next half-cycle, V and V; inter- 
change functions, with no reversal or interruption of 
current through R. Now when the thermoregulator T 


closes its circuit (through S, a 10,000-ohm resistor), the 
grid of each tube as it operates experiences a large 
positive bias, reducing the flow of electrons from fila- 
ment to plate to such an extent that the current through 
R is no longer sufficient to hold the armature down. 
The heater circuit is thus opened. The condenser F 
serves to steady the action of R. 

The heater! was made from three-eighths-inch pyrex 
glass tubing bent into the shape of aU. This tube was 





Heater 























FIGURE 1 


filled to a height of about 35 cm. with fine, tightly 
packed graphite. Connections were made to the 
graphite with large copper wire which was pressed 
tightly against it. It is essential that the graphite be 
tightly packed and that the connections be good and 
firm. 

Also it may be noted that an electric light bulb sub- 
merged in the bath is a very satisfactory heater when 
the light is not troublesome and the desired tempera- 
ture is low. A lamp heater can be improvised by 
soldering two copper wires onto an electric light bulb 
as suitable leads. A large rubber tube is placed over 
these wires onto the base of the bulb. Long glass 


17. A. CowPertTHWAITE, J. Am. Chem. Soc., 49, 2255 (1927). 
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tubes encase the two lead wires and are inserted into a 
two-hole stopper. This stopper in turn is forced into 
the large rubber tube which has been made fast to the 
base of the bulb. The joints may be 

wired with copper wire to effect water- YT 
tight connections. A fifty- to hundred- 
watt bulb has been found practical. 

An auxiliary heater is desirable for 
the initial heating and may be made 
as follows. A five-inch porcelain insu- 
lator or equal length of one-half-inch 
pyrex glass tubing is wrapped with 50 
turns of No. 28 chromel wire, care being 
taken that the wire of one turn does not 
touch that ofthe next. This heater may 
be suspended in the bath on leads of 
heavy copper wire and connected di- 
rectly tothe 110-volt circuit when needed. 

The thermoregulator was made from 
a one-by-eight-inch test-tube sealed to 
a capillary tube twenty to twenty-four 
inches long and having a bore about the 
size of a No. 28 wire. The smaller the capillary the 
more sensitive the regulator, but it must be remembered 
that No. 28 wire must go in the end of it. Next a wire 
was sealed into the end of the test-tube near the capil- 
lary. This made a permanent contact with the inside 
of the bulb of the regulator. This wire was then en- 
closed in a one-eighth-inch tube parallel to the capil- 




















FiGURE 2 
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lary. The regulator was then ready to be filled with 
mercury. This was done by means of a funnel fitted 
with a capillary fine tip. 

The regulator was filled to within eight inches of the 
top. Then the mercury connection was made with 
the sealed-in wire and a lead was run from it to the 
terminal indicated in the diagram. Into the capillary 
end of the thermoregulator a stiff wire was forced 
(chrome! or stiff iron wire is a good choice). When 
contact with the mercury is made, the heater in the 
circuit is shut off. Thus the desired temperature is 
obtained by pushing the wire in or pulling it out. Some 
of the mercury may have to be run out for high tem- 
peratures and this may be done by heating the bulb and 
knocking off drops of mercury until the right height is 
found. It is helpful to hang the regulator loosely, as on 
springs. 

The advantages of this device over simpler ones not 
employing the tube control lie in the operation of the 
mercury meniscus on almost an open circuit, the avoid- 
ance of all use of batteries in the operation of the 
regulator, the gain in steadiness resulting from relay- 
integration of the cyclic action of the current, and the 
efficient use of power consumed by making the filament 
lighting circuit part of the potential divider used to 
apply the proper potentials to the plates. 


Acknowledgment is made of the help of Mr. Mearl 
Tilden, a radio engineer, in this work. 





DEMONSTRATIONS as a SUBSTI- 
TUTE for LABORATORY PRACTICE 
in GENERAL CHEMISTRY’ 


HERSCHEL HUNT 


Purdue University, Lafayette, Indiana 


E MUST modernize our methods of teaching 
in accordance with the backgrounds and habits 
of our students if we are to be effective in- 
structors. Students who are trained from childhood 
to learn by radio, talking picture, or from the window 
of a speeding auto rather than by working and reading 


* A discussion based upon two years’ experience handling 
groups of 100 students by both methods, presented before the 
Division of Chemical Education of the A. C. S. at Cleveland, 
Ohio, September 11, 1934. 


are much better fitted to a procedure wherein a skilled 
teacher performs the experiment while they observe. 
The objective in general chemistry is to give the stu- 
dents a broad background so that they have a knowl- 
edge of, and can think in terms of, chemistry. 

The purpose of this paper is to discuss a form of 
demonstration that may replace the laboratory exer- 
cises for college freshmen in chemistry. It is to be 
correlated with the regular lectures but it is not intended 
to supplant the lecture experiments as now given in 
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our better universities. The demonstrations are to be 
given at regularly scheduled periods and are not to con- 
sist of the spectacular experiments common to the 
formal lecture. A minimum of two hours is necessary 
for each period since many of the experiments will in- 
volve quantitative procedures. A special room con- 
taining both a well-equipped lecture table and regular 
classroom facilities is desirable, though not necessary. 

Mimeographed sheets with blanks to be filled are used 
for note-taking. This scheme obviates copying or the 
giving of credit for beautiful samples obtained unethi- 
cally. The student grade is based upon a written 
achievement test given at the end of the demonstration. 

Since the students are allowed to ask questions as 
frequently as they desire or to step up front for close 
inspection, all formality is removed, and the teacher is 
only a skilled technician and learned salesman. In 
order to facilitate oral quizzing, better attention, and 
closer contact between student and instructor, small 
groups are necessary. 


POPULARITY OF THE DEMONSTRATION METHOD 


1. Student Reception. Students miss the social 
atmosphere of the laboratory. Because a greater con- 
centration upon the subject is required, the method is 
not the most popular with the mentally dilatory. The 
class can be kept together by this method, therefore 
a part of the class is not discouraged and lost because 
it cannot keep up with the better students. Time is 
not taken from other courses by an. over-zealous pro- 
fessor’s requiring the student to stay after hours and do 
extra experiments. If a student fails to understand 
some part there is always opportunity to repeat it for 
his benefit. The interest of the outstanding student 
can be held by allowing him to demonstrate some phase 
of the experiments. 

Relief from the hazards of corrosive acids and break- 
ing glassware is insured. The student with a maimed 
body is encouraged but the student who loses time 
through sickness is handicapped in that he has no 
means of making up his work. These are the reactions 
of students who have had both systems for a semester. 

Those students who have had high-school chemistry 
feel that the same subject is new since it is presented 
differently. It gives students who are not going ahead 
with chemistry more time for their major interest. 
More time is made available for the cultural opportuni- 
ties of broad reading, a factor much neglected in our 
crowded curricula. 

2. Faculiy Reaction. The professor who has used 
the laboratory method for twenty years rebels at losing 
it. Others have vested interests and refuse even to 
let it be tried. It requires young teachers who can 
put a lot of enthusiasm into the demonstrations. 

The feeling that students so trained are incompetent 
to go on with chemistry is questionable since the students 
have seen a considerable number of technics performed 
correctly. Experience shows that demonstration- 
trained students have a greater ability to think in terms 
of chemistry. It is true that they are not apt for the 
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first few weeks in a succeeding course but they know 
how things should be done and quickly master the man- 
ual skills. A student who has seen that small tubing 
is bent after being heated with a fish-tailed burner, that 
pyrex tubing is worked with a mixture of oxygen and 
air by means of a blast lamp, that a roughly broken 
piece of glass can be smoothed with a wire gauze, that 
large tubing is easily cut if first scratched with a file, 
then heated with a hot wire, and suddenly cooled by a 
drop of water upon the scratch, that soft glass should 
be heated and cooled slowly, that soft glass cannot 
be sealed to pyrex, that ground-glass joints are 
shaped with carbon tools and ground with carborun- 
dum, that beeswax prevents brass tools from sticking 
to hot glass, that a hand torch is best for sealing glass 
that is mechanically supported, etc.—all of which can 
be demonstrated in a two-hour period—is better trained 
for future work as a chemist or as a layman than the boy 
who has burned his fingers in trying to follow directions 
to make a wash bottle which looks like the diagram in 
the manual. We admit that he cannot do all these 
things just because he has seen them done, and we also 
realize that he cannot after he has tried once. The 
number of ideas gained and facts remembered should 
be much greater. There is plenty of time left for the 
chemical major to learn how to follow directions in 
analytical chemistry. 

3. Adminisiration Support. Some administrations 
will be reluctant to make a change from the laboratory 
system to a new system. However, as changes are 
made necessary because of outside reasons this method 
should be seriously considered. Departments which 
are equipped with suitable rooms should find the change 
one which will involve no difficulties. Teachers who 
can sell a subject to a student seldom have trouble in 
using their salesmanship on the deans. Let us hope 
that administrations universally will reward the teacher 
so that those with research minds can furnish a set of 
experiments most suited to this method. 


ECONOMY OF THE LECTURE DEMONSTRATION METHOD 


1. The Student Saves Time and Money. We make 
a charge of 50c per semester, which covers mimeo- 
graphed work, depreciation of apparatus, etc.; ordi- 
nary laboratory expense would include 75c for an apron, 
$5.00 breakage deposit, $1.00 to $3.00 for a manual, 
and 35c for a notebook. There is thus an actual saving 
to all and especially to those who might have accidents. 

The experiments now appearing in our freshman 
manuals can be demonstrated in 5% to 40% of the time 
that it requires a student to perform them. Experience 
has shown us at Purdue that we can demonstrate thor- 
oughly in two hours the same material on which the 
student will spend six hours in the laboratory, perhaps 
missing the point or getting poor results. (Non-chemi- 
cal engineering students.) Any pause in the succes- 
sion of events may be utilized for quizzing in order to 
make sure that each student understands thoroughly 
what is being done. 

Although manual skills are not practiced by the 
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student, much more thinking is done, many more scien- 
tific observations are made, and many more chemical 
phenomena are seen. The professor calls attention to 
every point so that principles are observed that would 
be overlooked if the student were working alone. 

There is much more to be learned in chemistry than 
any individual can master. The conscientious teacher 
should want to introduce his students to the methods, 
the apparatus, the practices, the compounds, and the 
uses of this wonderful science rather than have him 
spend from six to eighteen precious hours trying to pre- 
pare pure barium hydroxide from witherite, a common 
procedure in some of the largest engineering schools in 
the United States. The only memory retained by the 
student after many hours in the ‘‘sweat box’’ over the 
furnace is that his wet crystals of barium hydroxide 
changed back to the carbonate before he could get 
them checked. Why is anyone convinced that this 
method of teaching is perfect because the student has 
had an indelible impression that barium hydroxide 
reacts with carbon dioxide? In the same amount of 
time, with the same effort, such reactions could be 
demonstrated repeatedly in different ways, with the 
incidental introduction of different principles. 

2. Faculiy Tyme. Practically the same amount of 
time is required to prepare and give a demonstration 
as to hold a three-hour laboratory session. The ap- 
paratus should be set-up and all routine procedures 
completed before the period opens. In large schools 
the most efficient method is to have classes scheduled 
consecutively so that the apparatus need not be moved 
until the entire class has finished. Then if the classes 
are scheduled properly one hundred students can be 
handled in two periods. This will not be an overload 
for the teacher, as most experiments can be set-up in 
one hour and dismantled in one-half hour. On the 
other hand, six hours of laboratory direction in one 
day is an overload. The demonstration requires more 
concentrated effort on the part of the teacher. 

Students with access to a laboratory can learn without 
either a manual or a teacher. Observation proves that 
few teachers converse with the students upon chemistry 
throughout the entire laboratory period. Our method 
does not permit notebook grading during the period, 
keeping of records, chats with other assistants, a glance 
at the morning paper, a trip to the office for the mail, 
reporting absences, a session with an old grad back for 
homecoming, the filling of bottles forgotten because of 
a late dinner, or the 101 diversions with which we have 
all learned to pass the three hours allotted us for labora- 
tory instruction. Because of the freedom and lack of 
responsibility of the laboratory method, it will always 
have many strong supporters. 

Since one can conveniently handle forty to fifty 
students at one time by the demonstration method, 
the number of laboratory assistants is cut in two. 
However, a more experienced and capable instructor 
is required. , 

3. Laboratory Space, Apparatus, and Chemicals. 
There can be an actual saving of 99% in chemicals if 
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no more work is demonstrated than the student would 
do. However, we are against this procedure. A mini- 
mum of three times as much as the student would do 
can be demonstrated in an hour; therefore, one can 
anticipate a saving of only about 75%. 

The apparatus saving is still greater. In order to 
give a good set of demonstrations we will need equip- 
ment different from that which the normal freshman 
locker will contain. It is possible for two sets of 
equipment to keep 500 students moving at the proper 
rate in a large school, or to care for 200 students easily 
under adverse schedule conditions. In small schools 
one set will suffice. All the equipment can be put back 
into general use after the class has completed a cycle. 
Most of the elaborate set-ups desirable for the demon- 
strations may be temporarily taken from research 
stock or advanced class stock without any inconveni- 
ence. This is the only possible way to introduce 
chemistry into our small high schools which cannot 
equip a laboratory. 

The average cost of the equipment in a freshman 
locker is $12.00. In our school this means a capital 
investment of $19,200. Records show that about $2.00 
is spent each year per student on chemicals, non-re- 
turnables, and depreciation of equipment not covered 
by the student breakage charge. Another $2.00 per 
student is spent on storeroom help. 

Since the ideal demonstration room can be used as a 
recitation room, another real economy is offered in 
building space. 

WHICH METHOD IS THE BETTER TEACHING TOOL? 

The answer is: “The method most preferred by the 
instructor.” Unless the teacher works enthusiastically 
and untiringly, either method fails. It would be im- 
possible to learn by the demonstration method from 
an instructor not capable of making, and eager to make, 
the plan a success. It is practically impossible to find 
a large number of equally good teachers who are equally 
enthusiastic about both systems with the same types 
of students. Therefore, any data of a statistical nature 
should be scrutinized carefully if they are to be used as an 
argument for the adoption of a new system. However, 
I would urge every freshman teacher to give the demon- 
stration system a trial for two semesters to see how suc- 
cessful he is, if he likes it, and if the students do not 
respond better to his teaching by this method. The 
method described here is not the method formerly used 
at Indiana University.* 


SUMMARY 


The biggest advantage of the demonstration method 


is the saving of student time. The second important 
feature is the saving of money by the student and uni- 
versity. To date there are no reliable statistics prov- 
ing that the student learns a great deal more by one 
system than the other; however, those teachers who 
have used both systems do not contend that the only 
way for a student to learn chemistry is for him to per- 
form the experiment: 


* See Payne, V. F., J. Coem. Epuc., 9, 932 (1932). 





NUCLEAR CHEMISTRY’ 


KARL K. DARROW 


Bell Telephone Laboratories, New York City 


SHOULD perhaps begin by an apology; for the 
I title of my paper suggests that I am venturing to 

annex a new domain to chemistry, and possibly if I 
were to consult you I should discover that you do not 
want it! Of course, nations generally like to annex 
new provinces, but there are sometimes reasons why 
they shouldn’t. Conceivably you might be worried 
about assuming new burdens of taxation; or again, you 
might apprehend a war of reconquest to be waged by 
the former owners of the field. Now I concede that 
the maintenance of nuclear physics and chemistry is 
not unlikely to prove expensive in the research labora- 
tory; but at least I am not exposing you to a war of 
reconquest. I could not take this domain away from 
physics and hand it over to you exclusively, even if I 
wanted to. What I propose is what, I think, is called 
in international law a “condominium,” in which two 
nations exercise an equal right and an equal sway over 
acommon field. I should like you as chemists to think 
of yourselves as possessing a joint mandate with all 
physicists, to explore and extend this new realm ad 
libitum and ad infinitum. 

The term ‘‘nuclear chemistry’ has not yet existed 
long enough to have acquired a perfectly definite mean- 
ing. It is perhaps most commonly used to denote the 
transmutation of the elements; but today I am going 
to enlarge it to include the measurement of the masses 
of atoms, which you will surely concede to be a problem 
of great importance in chemistry. The physics of the 
last quarter-century has enabled us: first, to convince 
ourselves of the reality of individual atoms; second, 
to separate and to measure separately the different 
kinds of atoms, or “‘isotopes,’’ belonging to a single 
element; third, to measure their masses in grams, with 
an accuracy attaining sometimes one-tenth of 1%; 
fourth, to measure their masses relative to one another 
with an accuracy tenfold greater, which may excel that 
with which the chemical combining-weights are known; 
and fifth, to ascertain the chemical combining-weights 
themselves by a method which does not involve any 
chemical reactions at all, and appears to be capable of 
at least as great an accuracy as the conventional meth- 
ods. 

Let me recall to you the outlines of these procedures. 

Imagine first a source of ionized atoms: it might, for 
instance, be a discharge-tube containing gaseous helium, 
in which an electric discharge is ionizing the atoms, and 
some of the ions are escaping through an aperture; or 
it might be a hot filament coated with a paste contain- 
ing lithium, from which ionized lithium atoms are being 

* Contribution to the symposium on ‘‘Modernizing the Course in 


General Chemistry’’ conducted by the Division of Chemical 
Education of the A. C. S. at Cleveland, Ohio, Sept. 12, 1934. 


driven off by the heat. Imagine, opposite it, a screen 
having a slit, and carrying a photographic plate along 
its far side. Let a voltage V be applied between the 
source and the screen, and let a magnetic field H per- 
pendicular to the plane of the blackboard pervade the 
space beyond the screen. The electric field due to the 
voltage accelerates the ions from the source to the slit, 
and gives them, let us say, a speed u. The magnetic 
field receives them after they pass through the slit, and 
it adds nothing to their speed, but it swings them around 
in circular arcs. Let 7 represent the radius of such an 
arc; let e represent the charge of an ion and m its mass. 
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Then we have two equations. The first says that the 


1 
kinetic energy 5mu? acquired by the ion on its way 


from source to slit (we neglect the small kinetic energy 
which it has on leaving the source) is equal to the work 
done upon it by the voltage: 


5 mu? = eV/300 (1) 


(The numerical factor 300 occurs because of the unit- 
system employed). The second equation says that the 
centrifugal force of the ion in its circular path, mu?/r, 
is equal to the force exerted by the magnetic field on 
the moving ion, which is Heu: 


mu?/r = Heu 


These equations result from very simple mechanics and 
electrodynamics, and I think that you as teachers of 
chemistry might well demand that the teachers of 
physics supply you with students able to derive them. 
You see that they are a pair of simultaneous equations 
which enable us to ascertain both the speed wu and the 
charge-to-mass ratio e/m. The former of these is not 
important to us now, but the latter is what we are con- 
cerned with. 
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Suppose that our source is emitting helium ions or 
sodium ions. On the photographic plate, we shall see 
just a single line or spot, indicating that all the ions 
have followed the same circular arc, and consequently 
that atoms of helium or atoms of sodium all have the 
same mass. Suppose, however, that the source is emit- 
ting ions of lithium, or of boron, ot of argon: we shall 
see in each of these cases two spots, proving that some 
ions have followed one are and some have followed an- 
other of a different radius, and consequently that there 
are two kinds of atoms of lithium, two of boron, two of 
argon. These are the so-called isotopes, on which I do 
not need to expatiate further in this place; and this is 
one of the ways of analyzing and separating them, of 
which I spoke at the start. 

Now take any one of these spots and the correspond- 
ing circular arc; by measuring voltage V and magnetic 
field H and the diameter 2r of the semicircle from slit 
to spot, we may evaluate the charge-to-mass ratio e/m 
of the corresponding kind of ion. What I promised 
you, however, was not the charge-to-mass ratio but 
the actual mass. We must therefore be acquainted 
with the value of the charge; and this we are; we 
know it—in various ways of which I will mention one, 
later on—to be either the electron-charge, or (in rare 
cases) two or three times the electron-charge. On 
substituting this into our equations, we obtain the 
mass in grams of the atom in question. The best 
example to take is the principal isotope of oxygen: 

Mass of O16 = (2.6382 + 0.0026)10~?8 


= 16(1.6489 = 0.0016 )10~*4 


(3a) 


The uncertainty, which is mainly due to that of the 
value assigned to the electron-charge, amounts to 
about a tenth of one per cent.; and this is pretty good, 
when compared with even the best known of the com- 
bining weights. 

Yet combining weights, as you know, are not meas- 
ured in grams; they are relative weights of various 
elements. What should be compared with them is not 
such a figure as I have just given, but rather, the most 
precise determinations of atomic masses relative to one 
another. Let us therefore consider how closely the 
ratio of the masses of two kinds of atoms can be de- 
termined by the method of which I have just been 
speaking. Say, for instance, that we send both hydrogen 
and helium through the slit, and observe the spots pro- 
duced by the principal isotopes of the two. If we are 
content to evaluate the ratio of the masses of He‘ and 
H!, the electron-charge with its uncertainty will fall 
out of the equations, and the accuracy of the result will 
depend only on how exactly we can measure V,H, and 
the diameters of the two arcs. In this particular case, 
the ratio of masses has been determined as, 


He!:H! = 3.97128 + 0.0004, (3b) 


or about one-hundredth of one per cent.—and this is 
very good indeed. ‘ 

Now for the problem of the combining weights! If 
every element consisted of one kind of atom only, then 
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the chemical atomic weight of any element E should 
be identical with the ratio of the mass of an atom of E 
to one-sixteenth of the mass of an atom of oxygen, and 
could be determined with remarkable accuracy by 
such experiments as I have just described. But when 
an element has two or more isotopes, the estimate of 
the combining weight is rendered difficult, for then it 
is necessary not only to determine the masses of the 
isotopes from the positions of the spots upon the photo- 
graphic plate, but also their relative abundances from 
the relative densities of the spots. Most of the ele- 
ments do have two or more isotopes, and oxygen itself 
has three, an inconvenient circumstance! The proce- 
dure of determining abundances from the blacknesses 
of photographic imprints is not so exact as we should 
like. Nevertheless, it has justified itself in the most 
striking possible way. There have been cases—ten or 
a dozen—of temporary disagreements between the 
chemical atomic weights as given in the International 
Tables, and the values inferred by the methods of which 
I am speaking; but in every case, these have been re- 
solved in favor of the physical measurement! I quote 
the two latest examples, from a note by the chemist 
H6nigschmid which appeared barely two months ago. 
The values given in the International Tables for the 
chemical atomic weights of Nb and Ta were 93.3 and 
181.4, respectively. Aston, however, by physical analy- 
sis of these elements had found them to consist of one 
isotope apiece, and for their chemical atomic weights 
he had estimated 92.90 = 0.05 and 180.89 + 0.07, re- 
spectively. H6nigschmid himself redetermined the 
combining weights by chemical analysis of NbCl; and 
TaCl;, and what did he get? 92.91 + 0.01 and 180.89, 
respectively! 

I have now checked off four of the services of physical 
methods which I listed at the start. As for our confi- 
dence in the real existence of individual atoms: I will 
quote to you one phenomenon which will lead neatly 
over into the major theme of my address. Imagine 
that we have a bit of radioactive substance emitting 
alpha-rays: it might be radium, for example, or pro- 
tactinium. Nearby, let us have a tube containing 
some gas very carefully freed of the last detectable 
trace of helium; let there be electrodes sealed into the 
tube, and let the wall of the tube on the side toward the 
radium be so thin that alpha-rays can enter it. If the 
tube is exposed long enough to the rays, there appears 
inside it a gas exhibiting the characteristic spectrum 
lines of helium, for these are seen when a discharge 
passes between the electrodes. This is but one of 
several proofs that alpha-rays are made of helium. 
Now let us put up a fluorescent screen somewhere in 
the neighborhood. We shall observe individual bright 
stars flashing out all over its surface, and immediately 
vanishing; these are the signs of the impact of indi- 
vidual alpha-ray particles or alpha-particles upon in- 
dividual points of the screen. We may count how 
many of these are observed in, say, ten minutes, and 
estimate thence how many go off in all directions from 
the source in, let us say, one day; call the number JN. 
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Now surround the radioactive substance with a metal 
sphere and connect it to an electrometer; the sphere 
catches all these N particles, the electrometer measures 
their total charge; we divide this charge by N and get 
the charge of the individual alpha-particle. All this 
sounds like some delightful and imaginary experiment, 
but it is not impossible at all—it has been performed 
twice at least. The charge is twice the electron-charge, 
and positive in sign: the alpha-particle is a doubly 
ionized atom of helium. 

Now I write down a chemical equation for the proc- 
ess which results in the creation of these alpha-parti- 
cles: 


Ra —> Rn + He . (4) 


This is an equation of nuclear chemistry. It describes a 
process of transmutation. This is a spontaneous proc- 
ess, not due to human intervention and not influenced 
in any way by anything that any experimenter has yet 
been able to do. As you already know, it is an ex- 
ample of radioactivity. Two kinds of these spontaneous 
transmutations have been known for about thirty-five 
years. One results in the creation of alpha-particles, 
and is exemplified by the instance which I have just 
given. There are twenty-two instances of this kind. 
The other comprises seventeen instances, and here is 
one to serve as an example: 


RaB —> RaC + (—e) (5) 


The symbol on the right you will not find on any peri- 
odic table; it denotes a negative electron—I have to 
say “negative” and insert a minus sign, because there 
are also positive electrons which occur in transmuta- 
tion, though not in any case which was known as long 
as a year ago. Equations of nuclear chemistry are 
likely to involve this symbol, and two others which 
have not yet been admitted to the Periodic Table. 

Now that I have been talking so long about nuclear 
chemistry, it is high time that I should define the nu- 
cleus itself. 

I will merely remind you that during the last quarter- 
century, we have come to envisage the atom as a struc- 
ture composed of negative electrons, surrounding a 
nucleus which bears a positive charge equal in magni- 
tude and opposite in sign to the sum of all their charges. 
An atom which has Z of these electrons, and a nucleus 
bearing a charge + Ze, belongs to the element of atomic 
number Z—the Zth element in the Periodic Table. 
The mass of the nucleus is always so very much greater 
than that of all the electrons put together, that we 
hardly ever make a perceptible mistake by just assum- 
ing that it is the whole mass of the atom. This is why 
I have been so careless about stating definitely whether 
the mass-values cited in this paper correspond to atoms, 
ions, or nuclei; and it is also why I included the meas- 
urement of atomic masses within the scope of ‘‘nu- 
clear chemistry.” Owing to its positive charge, the 
nucleus is surrounded with an inverse-square electro- 
static field which repels other positive charges, and 
therefore other nuclei—a point of the first importance 
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in what follows. We know, for various reasons which 
there is not time to detail, that this inverse-square 
electrostatic field extends inward to within 10~-" cm. 
of the center of the nucleus. If we are to speak at all 
of the “‘size of the nucleus,’”’ we must consider it to be 
smaller than this fantastically small amount. 

This nucleus it is which disintegrates of itself, when- 
ever there is a process of either of the two types which 
I have just mentioned. In cases of alpha-particle 
emission, it breaks up into a pair of fresh nuclei; in 
cases of electron-emission, it breaks up into a fresh nu- 
cleus and an electron. The charge of the old nucleus is 
distributed among its fragments, in ways which I will 
indicate by adding subscripts before the symbols of 
our two quasi-chemical equations: 


ssRa ——> gsRn + 2He (6) 
s2RaB —> gsRaC + ~1e (7) 


and here you see embodied the so-called “‘displacement- 
law of Fajans and Soddy’’—emission of an alpha- 
particle entails the formation of an element displaced 
two steps down the procession of the elements (88 to 
86, in this case), while emission of an electron entails 
the formation of an element displaced one step up the 
procession (82 to 83). 

Within the last few months, men have been able to 
create new radioactive atoms: some break up in a 
manner similar to that of my latest equation, one of the 
fragments being a negative electron; others disinte- 
grate in a fashion hitherto unknown. But I am now 
getting ahead of my subject; for these new radioactive 
elements are created by transmutation, and it is of this 
sensational achievement that I should next be speak- 
ing. 

Transmutation commenced just at the start of the 
post-war era, a remarkable coincidence, very conven- 
ient for remembering; and it may yet prove itself 
more potent in remodeling the world than its contem- 
porary, the treaty of Versailles! The first surely 
established conversion of one element into another by 
human agency is described by this equation: 


2He + 7N = 1H + 30 (8) 


Helium was brought into contact with nitrogen and 
there resulted from the interaction, oxygen and hydro- 
gen! 

This is a correct, but a rather mild and misleading, 
manner of describing what Rutherford actually did. 
He did not take a pair of containers filled, the one with 
nitrogen and the other with helium gas, mix their con- 
tents, and wait to see what would happen. Anyone 
attempting this would indeed have a very long wait. 
Our atom-model teaches us the reason. ‘To provoke a 
reaction of nuclear chemistry, it is not sufficient to 
bring atoms into contact with one another in the way 
in which they touch when gases are mixed, nor even 
when electrolytes are mixed or metals melted together. 
It is necessary that nucleus should come into contact 
with nucleus. But before such a contact as this can be 
achieved, the two nuclei must overcome the whole of 
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that tremendous electrostatic repulsion which they 
cannot help exerting on each other. To use a rather 
crude mechanical metaphor: one nucleus must ap- 
proach the other with a velocity so great that it can 
roll all the way up the hill which surrounds that other! 
“Impact” is the word, rather than ‘‘contact’’; one nu- 
cleus must be fired at the other. Rutherford fired 
helium nuclei into nitrogen gas. Or rather, he did 
not fire the nuclei, for he did not have a sufficiently 
powerful gun. Nature had provided the guns and the 
bullets: the guns were various radioactive substances 
of the class which disintegrate with emission of alpha- 
particles—the alpha-particles, which as I lately said 
are helium nuclei, were the bullets themselves. Ruther- 
ford simply moved the guns into the presence of their 
targets, the nitrogen nuclei; and he observed the trans- 
mutations in clever and delicate ways which unfortu- 
nately Ihave not space to describe, except for saying that 
the hydrogen nuclei which figure in the equation—being 
represented by the symbol ;H on the right-hand side— 
are hurled out from the fractured nitrogen nuclei with 
so much speed and energy that they themselves pro- 
duce visible scintillations on fluorescent screens. 
Having shown that Nature’s guns fire helium atoms 
with energy enough to transmute nitrogen, Rutherford 
and his colleagues naturally trained them on all the 
other elements available. I cannot confidently state 
the exact number of different transmutations which 
have been achieved with alpha-particles, nor with the 
other agents of which I shall presently speak—this 


branch of science is still so young that there are debat- . 


able cases, apparently conflicting data, and new dis- 
closures from month to month. It is almost certain, 
however, that there are thirteen elements—boron, ni- 
trogen, fluorine, every one of the ten from sodium to 
calcium inclusive—which when bombarded by alpha- 
particles suffer such conversions that h, drogen nu- 
clei spring forth. It is certain in some cases, and prob- 
able to varying degrees in others, that the general equa- 
tion for these reactions is of this form 


eoHe + zX —> 1H +2741Y (9) 


signifying that there are two fragments only, and since 
one of these is known to be a hydrogen nucleus, the 
other must be a nucleus of an element superior by one 
unit of atomic number to that one which the alpha- 
particle originally struck. 

For thirteen years from 1919, the alpha-particle re- 
mained the only agent wherewith men had succeeded in 


effecting transmutations. To be dependent on radio- 
active bodies, as we then were, was a most unwelcome 
restriction: everyone knows that these bodies are costly 
and very rare, and that most of the scanty supply is 
preémpted, for very good reason, by hospitals. But 
might one not take ordinary helium gas, ionize its atoms 
doubly and so convert them into bare nuclei, and then 
apply to them so great a voltage as to give them as 
much kinetic energy as alpha-particles possess? This, 
however, would be a formidable task; for the energy 
of alpha-particles amounts to several million electron- 
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volts! To give you just a fleeting idea of the magnitude 
of this amount, I will mention that the average thermal 
energy of the atoms of a white-hot body is less than 
half of one electron-volt, and the energy liberated in 
the synthesis of water from oxygen and hydrogen is 
less than three electron-volts per molecule. As the 
name of the unit implies, one would have to apply sev- 
eral million volts to a helium ion in order to give it as 
much speed as alpha-particles possess by birth. Even 
now—despite some clever ways of applying the voltage 
in steps—the problem is not completely solved, and in 
1920 there was no ground for being sure that it ever 
would be. Until 1919, transmutation seemed impos- 
sible; from 1919 to 1932, it seemed so difficult as to be 
predestined always to be a rare achievement; only 
since the summer of 1932 has it begun to seem easy of 
performance and unlimited in scope. 

As I have just suggested, great efforts were made 
throughout the twenties to apply huge voltages to ions, 
and so endow them with energies comparable to those 
of alpha-particles. What happened in 1932 was this: 
it was found that if hydrogen nuclei are used instead of 
helium, no such colossal energies are needful! Appara- 
tus being prepared to furnish millions of volts was 
found to be already usable as soon as it was capable of 
giving hundreds of thousands, nay, even scores of thou- 
sands. 

This result was forecast from quantum-mechanical 
theory, but we can scarcely delve intothat. The first- 
discovered, and to this day the most studied and the 
best comprehended of these easier transmutations, is 
described by the following equation: 


iH! + 3Li’ —> 2.He* (10) 


hydrogen and lithium reacting to form helium! You 
will observe that I have now added superscripts to the 
symbols: these stand for the ‘‘mass-numbers’’ of the 
atoms, to wit, the nearest integers to the values which 
the masses of the atoms have when referred to the 
well-known standard, one-sixteenth the mass of the 
commonest kind of oxygen atom. This was desirable 
from the start, though I postponed it; it now becomes 
necessary, for without it there would be nothing in the 
symbols to distinguish the foregoing reaction from an- 
other, ’ 


(11) 


which has also been observed. You infer, of course, 
that the symbol ,H? here stands for the ‘‘deuton,”’ or 
nucleus of the relatively rare isotope of hydrogen, 
“heavy hydrogen,” so recently discovered; while ,H' 
stands for the proton, or nucleus of the well-known hy- 
drogen isotope. When streams of deutons ‘are pro- 
jected against a sheet of Li®, or when streams of protons 
are fired against a sheet of Li’, pairs of helium nuclei 
spring forth and may be demonstrated in a very strik- 
ing fashion; but not when deutons are directed against 
Li’ or protons against Li®. This achievement of mak- 
ing nearly pure films of the two lithium isotopes sepa- 
rately is, I must add, a very recent one. The two re- 


iH? + 3Li® —> 2.He* 
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actions were discovered when protons and deutons 
were projected against sheets of ordinary lithium, con- 
taining the two isotopes in about the ratio 1:15. Never- 
theless they were properly interpreted at once, for a 
reason which I shall later give. 

Half a dozen other elements, and probably more, 
are susceptible to impacts of protons or deutons or both, 
but instead of listing them, I quote the equations for 
two of the most interesting interactions. One is; 


ge gh” (12) 


When two deutons collide, they may convert themselves 
into a pair of nuclei belonging to two other isotopes of 
hydrogen, one the long-familiar proton, the other a nu- 
cleus ,H® of a ‘“‘very heavy hydrogen’ hitherto un- 
known! This perhaps is not a transmutation at all in 
the strictest sense of the word, since no new element 
appears; but the scope of the word “transmutation” 
will have to be enlarged so as to include it. The other 
is: 


1H? + ,H? —> 2He® + on! (13) 


when two deutons collide, they may convert themselves 
in a different way, resulting in a nucleus of “‘light he- 
lium’’—hitherto unknown—and another of which you 
will perhaps not recognize the symbol. It is not as yet 
to be found in the Periodic Table, but it denotes a par- 
ticle of zero charge and mass-number unity—an un- 
charged particle of about the same mass as a proton— 
none other than the already famous “‘neutron.” 
Neutrons are derived from reactions of transmuta- 
tion. The one which I just gave is not a favorable in- 
stance; the best one, for profusion and for speed of the 
resulting neutrons, is this: 


eHe! ++ 4Be® —_ gC}? + on! (14) 


To get neutrons, one bombards beryllium with alpha- 
particles. Beryllium, it may be remembered, was not 
on the list of fourteen elements which yield protons 
when bombarded with alpha-particles; here is an ele- 
ment which when exposed to such a bombardment 
undergoes one kind of transmutation but not another. 
There are, however, elements susceptible of both; alumi- 
nium yields both protons and neutrons, and we must 
infer that there are two reactions, 


et ee 
2 1 


NwSi® + 1H? (15) 


the choice between the two at any particular impact 
being dictated by conditions quite beyond our purview. 

A remarkable thing now reveals itself: the nucleus 
isP*° which figures in one of these last two reactions is 
unstable and ephemeral—these nuclei, which are con- 
tinually appearing in aluminium during the bombard- 
ment by the alpha-particles, constitute a radioactive 
substance which is steadily converting itself into yet 
another element. This is proved by removing the 
aluminium target suddenly from the bombarding beam 
and bringing it quickly into the neighborhood of some 
device for detecting fast-moving charges. The de- 


. minutes—a positive electron. 
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tector begins at once to “speak,” and continues for 
several minutes, disclosing that the former target is 
shooting forth charged particles at a rate which falls 
off gradually with lapse of time, according to the ex- 
ponential law which all radioactive bodies obey. We 
seem to be in the presence of an element disintegrating 
of itself, as radium or radium B disintegrate. There 
is, however, a striking difference. This is not an ele- 
ment which emits alpha-particles like some of the 
hitherto-known radioactive atoms, nor negative elec- 
trons like the rest: it emits positive electrons. The 
sensation caused by this discovery of “induced radio- 
activity” was great, but it would have been tenfold 
greater had not the positive electron already been dis- 
covered—one might almost say, casually discovered— 
less than two years before in a study of cosmic rays. 
The reaction is thus to be written: 


15P 2° —> Si + ie (16) 


(To be consistent I should write ,e° in order to convey 
the idea that the mass of the electron on our present 
scale is much nearer zero than it is to any other integer, 
but I might instead convey the erroneous idea that it is 
literally zero!) 

Notice now that here are two processes, by which the 
impact of He on Al leads to Si; a one-stage process in 
which a proton is ejected as soon as the impact occurs 
(at least the observers have not as yet detected any 
delay), and an alternative two-stage process in which 
first comes a neutron, and then—perhaps not for several 
You may be tempted to 
think that the proton exists inside the Al nucleus as a 
combination of neutron and positive electron, and 
sometimes is ejected as one piece and sometimes as two. 
I must not, however, lead you into the tangles of nuclear 
theory; but I can give you a good answer to one very 
obvious question which you have probably thought of 
asking: how do we know that in the two alternative 
processes of equations (15), resulting immediately from 
the alpha-particle impacts, it is the ,;P®° nucleus left 
behind by the neutron which is unstable, and not the 
usi*? nucleus left behind by the proton? 

To this the answer is strictly chemical. Adapting it 
to a more general case: suppose that a target made of 
an element X, of atomic number Z, displays induced 
radioactivity after bombardment by alpha-particles. 
We suspect that the bombardment produces the in- 
stantaneous reaction, 


aHe! + 2X —>z 4 2¥ + ont (17) 


and that the nuclei Y are the radioactive ones—in 
other words, that the radioactive substance is an iso- 
tope of the element of atomic number (Z7+2). We 
now repeat the experiment, either making the target 
out of a mixture of element X with the ordinary stable 
element of atomic number (Z+ 2) or else mixing the 
target material after bombardment with some of this 
latter element; and then to the mixture we apply 
chemical processes such as are conventionally used for 
separating these two elements from one another, and 
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we ascertain which elements the radioactivity ‘‘follows,”’ 
as the saying is. Thus in the very earliest experiment 
of this kind, the bombarded element X was boron, and 
it was suspected that the nuclei Y belonged to an iso- 
tope of nitrogen, as equation (17) requires; conse- 
quently, the experiment was done with a target of boron 
nitride (it was known that the nitrogen atoms origi- 
nally in the target were not responsible for the effect). 
By heating boron nitride with caustic soda, gaseous 
ammonia is produced: the radioactivity separates from 
the boron and ts carried away with the ammonia! In the 
latest (or rather the latest-to-be-published) experiment, 
gaseous nitrogen was bombarded with deutons; it was 
then mixed with oxygen and an excess of hydrogen, and 
passed over heated platinized asbestos; the oxygen— 
whether present as O2 or in NO: or in N2O—was re- 
duced to water which was collected in a calcium- 
chloride drying tube, while the residual gases went on- 
ward into a previously evacuated bulb; the radioactiv- 
ity was found to go entirely into the drying tube. This 
confirms that the bombardment produced the instan- 
taneous reaction, 
iN + 1H? —> ,0" + on! (18) 


resulting in a radioactive substance which is an isotope 
of oxygen. In these experiments the radioactivity 
serves as what is called an “‘indicator,”’ and a very deli- 
cate one indeed. 

From what I have said about the ‘‘potential-hill’’ 
surrounding every nucleus which is the great obstacle 


to the approach of any other nucleus, you may perhaps 
infer that neutrons ought to be, or anyhow may be, 
transmuting agents of extraordinary potency; for the 
neutron, being chargeless, is a particle for which the 


potential barrier does not exist. Of course, there 
might be other barriers erected against neutrons; but 
at present it appears that there are not; for out of some 
sixty elements which have been exposed to neutron 
bombardment within this very year of 1934, no fewer 
than forty have been proved transmutable! Moreover 
these forty are not concentrated among the lighter ele- 
ments, as is the case whenever the elements transmuted 
by impacts of charged particles are listed—they are 
scattered throughout the Periodic Table, and comprise 
even iridium and uranium. It is always the phenome- 
non of induced radioactivity which is observed, and in 
several cases the radioactive substance has been iden- 
tified by operations such as I just described; here is 
an instance: 
‘ aFe + on! —>25Mn + 1H (19) 
The radioactive manganese emits negative electrons in- 
stead of positive, and such is the case in all the other 
cases of neutron-bombardment which have yet been 
tested. 

Finally, I must mention what may well be deemed 
the most sensational transmutation of all: the conver- 
sion not merely of one material element into another, 
but of light into electricity and of electricity into light! 
When gamma-rays—that is to say, light of extremely 
high frequency, a million or more times as high as the 
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frequency of ordinary light—are projected against a 
sheet of heavy metal, one perceives that electrons of 
both signs spring from the metal, and often it is ob- 
served that an “‘electron-pair’’ occurs, a positive and a 
negative electron springing from (as nearly as can be 
seen) the identical point of the plate at the identical 
time. Such an electron-pair has been created out of a 
photon or corpuscle of the incident light. 

You may well ask: in such a process, what becomes 
of our ancient principles of the conservation of charge 
and of mass and of energy and of momentum? Re- 
markable as it may seem, every one of them stands 
upright. Conservation of charge is easy: the net — 
charge of the universe remains the same, since every 
negative electron that is formed is balanced by a posi- 
tive electron. Conservation of energy and of mass are 
assured if we accept Einstein’s principle that every 
quantity E of energy—in whatever form it may be, 
light or kinetic energy or heat or whatsoever—is asso- 
ciated with a mass m = E/c?, and vice versa. (I recall 
that ¢ here stands for the constant 3-10" cm./sec., the 
speed of light in free space.) The energy associated 
with the masses of two stationary or slowly moving 
electrons amounts to just about one million electron- 
volts; and in the experiments it is found that the ki- 
netic energy of the members of such an electron-pair as 
I just mentioned often attains but never exceeds the 
energy of the vanished photon diminished by one million 
electron-volts. Conservation of momentum is assured 
by the circumstance that these transmutations always 
occur within dense matter, where atoms are available 
to take up the otherwise uncompensated momentum of 
the photons. 

I am afraid now that the mere mention of Einstein’s 
name may have caused you to think that after all, how- 
ever important these facts and these problems may be, 
they are far too recondite to present in elementary 
courses, either now or in any foreseeable future. Cer- 
tainly it would be surprising, and probably it would be 
unwelcome, if I were to propose that you teach rela- 
tivity at the beginning of the general chemistry course. 
Yet general principles, however remote and abstruse 
their origins may have been, have a way of becoming 
familiar and friendly if one makes abundant use of 
them. In nuclear chemistry, we may be sure that 
abundant use is going to be made of Einstein’s principle; 
and even in ordinary chemistry, it is going to do you 
one great service in teaching—it is going to enable you 
to present certain “equations” as real ones, whereas 
formerly they had to be exhibited as merely apparent 
ones. 

Let me illustrate. In the textbook from which I 
studied college chemistry—it is dated 1909—I find the 
“equation,” 


Ca + O = CaO + 100,000 cal. (20) 


and many others like it. Now the man who wrote that 
book certainly did not intend to equate weight and 
heat, and if any of his students had done so, I suspect 
that he would have talked to that student as the alge- 
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bra teacher would talk to the legendary algebra pupil 
who wants to equate x horses with x cows. He had 
something very different in mind: he equated the 
weight of CaO to the sum of the weights of Ca and O, 
and then he hung on the 100,000 calories as a kind of 
afterthought just to remind the student that so much 
heat is produced when the given quantities (gram- 
molecules, I suppose) of Ca and O combine to form 
CaO. He did not really think that the last term be- 
longed in the equation; he thought that the equation 
was correct without it; he put it there because he 
wanted it somewhere in sight, and could think of no 
better place to put it. And yet, that term does belong 
in the equation; the equation is not right without it; 
the thermochemists, when they wrote that term as if 
it belonged to the equation, were unconsciously cor- 
recting an error which they did not perceive. This I 
think is one of the most amusing things in the history 
of science. 

But if it was an error to suppose the equation com- 
plete without the 100,000 calories, why did not the 
chemists perceive this by observing that the mass of 
CaO is actually less than the sum of the masses of the 
Ca and the O of which it is formed? I can show the 
reason at once. According to Einstein’s principle, the 
mass of one erg of energy is less than 10—*° of one gram; 
that of the 100,000 calories is only about 5-10~° g., and 
when you compare it with the 40 and the 16 g. which 
are the masses of the gram-molecules of Ca and O, re- 
spectively, you see that it is relatively so very small 
that we can scarcely hope ever to detect that the (cooled 
down) CaO is lighter than the Ca + O by this amount. 
Such is the case with all the other reactions of ordinary 
chemistry. 

Far otherwise with nuclear reactions. Take the two 
involving lithium and hydrogen. I wrote them incom- 
pletely as equations (10) and (11); written completely, 
here they are: 


(21) 
(22) 


1H! + ;Li? = 2,He* + 3.9-10" cal. 
1H? + ;Li® = 2,;Het + 5.1-10"! cal. 


and now you see that the heat of reaction is both rela- 
tively and absolutely far more considerable than in the 
previous case. The mass of the calories amounts to a 
couple of hundredths of a gram—0.018 in the first 
equation, 0.024 in the second—and this is a very ap- 
preciable fraction of the other masses present in the 
equation. To be precise, the masses on the left-hand 
sides of these equations (in terms of one-sixteenth the 
mass of O'%) are 8.022 and 8.028, respectively, while 
twice the mass of the helium atom is 8.004. The equa- 
tions would be unmistakably unbalanced if the calories 
were left out, but these are just of the right size to make 
them balance. Nuclear chemistry has taught us the 


JouRNAL OF CHEMICAL EDUCATION 


justification for writing thermochemical equations as 
for many years we have been writing them. 

I wish now that there were opportunity to speak of 
the methods whereby these nuclear reactions are de- 
tected, through observations on the fast-moving frag- 
ments which result from the reactions—observations 
which incidentally permit us to verify Einstein’s prin- 
ciple, for what I have just been calling the ‘‘heat of re- 
action” is actually the kinetic energy of these frag- 
ments, and this can be ascertained from the data. 
These methods are strikingly differént from the meth- 
ods of ordinary chemistry, and very remarkable in 
themselves. The time, however, was not sufficient for 
me to do justice both to the discoveries and to the 
methods, and perhaps it was the better policy to leave 
you wondering how these wonderful things were found 
out, rather than to have left you wondering what such 
clever methods are good for. Methods and data alike 
should figure in any general course on the subject; but 
no doubt you often have to impart significant items of 
knowledge without telling the class in full detail just 
how they were obtained, and you can do the like with 
these. 

It is strange and thrilling to realize what has hap- 
pened to our old doctrines of the elements and the atoms 
during these few past years. Not so very long ago we 
believed in immutable elements, and supposed without 
definite proof that they consisted of distinct and in- 
alterable atoms. Now there are many admirable ways 
of detecting those atoms, but it turns out that they are 
not inalterable at all! Every year, nay, almost every 
month, brings the discovery of some new kind of ele- 
mentary particle, and at the same time brings new evi- 
dence that all of these elementary particles are but 
different subdivisions of a single substance which can 
be caused to pass from one into another. It would be 
excellent to communicate to our students this feeling 
of wonder and strangeness. Yet we ourselves feel it 
chiefly because our memories run back to the verge of 
the period, if not indeed far back into the period, when 
transmutation was impossible and the atoms of the 
various elements and of electricity and light seemed to 
be set apart sharply and permanently from one another. 
How will you be able to take your classes back into 
that period? Would it be possible to teach the be- 
ginners’ course about immutable elements and un- 
changeable atoms from September to the end of March, 
and then on the first of April* suddenly reveal how com- 
pletely those doctrines have been superseded? If not, 
I hope that you will find some other way of saving 
transmutation for a little while from the destiny which 
lies in wait for all discoveries—the fate of being quietly 
accepted as a commonplace. 


* I said the fifteenth of April, but accept with enthusiasm the 
amendment proposed by Chairman Baker at the meeting. 
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HERE are at present four companies mining 
salt dome sulfur deposits by the modified 
and improved Frasch process, three of which 

have mines in Texas and two in Louisiana. The oldest 
of these is the Freeport Sulphur Company which is 
producing at Bryan Mound and at Hoskins Mound, 
both near Freeport, Texas, and in Plaquemines Parish, 
Louisiana. The Bryan Mound deposit is about de- 
pleted, but large amounts of sulfur have been re- 
moved from it, particularly during the World War when 
it was practically the only American source of sulfur. 
The Hoskins Mound deposit has been mined for about 
ten years, and the capacity of the plant at that place 
has been recently materially increased in order to 
counteract the decreased production at Bryan Mound. 
A $5,000,000 plant has been installed at the Louisiana 
location, and production there started early in 1934. 

The Texas Gulf Sulphur Company started operations 
at Big Hill, or Gulf as it is now called, in Matagorda 
County, but that deposit has been exhausted and the 
location is now being abandoned. This company is 
also operating plants at New Gulf, in Wharton County, 
and at Long Point, in Fort Bend County. The deposit 
at New Gulf is said to be the largest sulfur deposit 
in the world, and in normal times has a production 
of 4000 tons per day. The Long Point deposit has only 
recently been opened and production there is com- 
paratively small. 
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The third Texas company is the Duval Sulphur Com- 
pany, which has a plant at Palangana Dome, in Duval 
County. The production at this dome has never been 
large and, until recently, the plant was shut down 
awaiting increased demands for sulfur. 

The latest entry into the sulfur mining field is the 
Jefferson Lake Oil Company which started the opera- 
tion of a mine in Iberia Parish, Louisiana, in October, 
1932. Although present production is small, this com- 
pany deserves much credit for this development be- 
cause its deposit lies under water, and all work has been 
done from scows, piers, or pontoons especially designed 
for this specific purpose. 

The mechanical equipment required by a Frasch 
process sulfur mine is largely equipment for acquiring, 
treating, heating, and transporting water. Instead 
of having boilers installed at the individual wells, 
modern sulfur mining methods make use of a central 
water heating plant in which from 5,000,000 to 10,000,- 
000 gallons of water are heated daily to approxi- 
mately 340°F. and then distributed to the individual 
wells. This is more water than a modern city of 
60,000 persons will use. The utilization of this water 
requires huge storage reservoirs to insure a never-failing 
water supply—a lack of water would mean disaster; 
it requires an efficient and closely controlled system of 
water treatment to soften the water; it requires many 
huge boilers to heat the water to the desired tem- 
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peratures; it requires literally hundreds of pumps and 
miles of pipe lines, over half of which must be well 
insulated, to transport the water. In addition there 
must be machine shops, blacksmith shops, forge shops, 
electric shops, ice plants, and up-to-date laboratories 
to maintain and control the endless production of pure 
sulfur. 

The actual application of the Frasch process as it is 
now operated may be divided quite logically into two 
departments—the plant department, which handles the 
production, treating, and heating of the water, and the 
field department, which handles the distribution 
of the hot water and the drilling, steaming, and pumping 
of the individual wells. The sulfur mining of the Free- 
port Sulphur Company at Hoskins Mound near Free- 
port, Texas, which is described below, furnishes a good 
illustration of the commercial application of the proc- 
ess. 

The power plant proper at Hoskins Mound contains 
twelve 750-horsepower Sterling type boilers which are 
operated at about 200 per cent. rating, thus making 
a total of approximately 16,000 to 18,000 boiler horse- 
power available at all times. Under normal operating 
conditions, natural gas is used for fuel, but in an 
emergency this may be replaced by fuel oil within 
five minutes. The daily consumption of fuel is enor- 
mous, more than enough to supply a modern city of 
100,000 persons. Within the plant building there 
are two 500-kw. and one 1000-kw. General Electric 
turbo-generators for furnishing electrical energy to 
the entire system. Three low-pressure (250 pounds 
per square inch) air compressors and five high-pressure 
(1000 pounds per square inch) air compressors having a 
total rated capacity of about 4500 cubic feet of free air 
per minute supply the compressed air for pumping 
the molten sulfur out of the wells. In addition to this 
equipment, there are sixty-three steam pumps which 
are required to handle the enormous amount of water, 
boiler feed water pre-heaters, exhaust-steam mine 
water heaters, high-pressure mine water heaters, and 
other auxiliary equipment. 

The daily water consumption of the mines is about 
7,500,000 gallons. Part of this is surface water taken 
through canals from Austin Bayou and part of it comes 
from deep wells. Since Hoskins Mound is within a 
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mile or two of the Gulf of Mexico, the surface water 
becomes quite salty at times and hence cannot be used. 
During such times and during periods of drought, 
the surface water is taken from a 350,000,000-gallon 
storage reservoir which is filled during periods when 
good water is available. Frequently, during the sum- 
mer, evaporation losses alone from this reservoir 
amount to as much as 1,000,000 gallons per day. Of 
the 7,500,000 gallons of water required each day, 
approximately 2,750,000, are used for boiler feed water 
and the remaining 4,750,000 gallons are heated by 
steam to a temperature of 330° to 340° Fahrenheit 
and pumped directly to the wells. 

The boiler water receives a closely controlled chemi- 
cal treatment by the lime-soda-sodium-aluminate 
method. Actually, very little or no soda ash is ever 
required because the well water, like a large number 
of Gulf Coast well waters, has a high bicarbonate con- 
tent which is utilized by judicious mixing and con- 
trolled lime treatment. Whenever necessary, sodium 
sulfate is added to the boiler water to maintain the 
correct carbonate-sulfate ratio to prevent caustic 
embrittlement of the boilers. The dosed boiler water 
passes through a long, well-baffled, wooden flume into 
the settling basin. After a three-day sedimentation 
period the water is passed through rapid sand filters 
to remove all suspended matter. The filters are 
automatically controlled by the demand for boiler 
water and are equipped with automatic by-pass valves 
which allow unfiltered water to be taken up by the 
boiler feed pumps in the event of a radical decrease 
in the amount of water passing through the filters. 
The water passes from the filter to the “bleed-water”’ 
heat exchangers where it is partially heated by the 
spent water returning from the sulfur stratum. The 
feed water then enters the pre-heaters where it is 
heated to 218° Fahrenheit by exhaust steam from the 
generators and prime movers in the plant. The heaters 
are vented and all dissolved oxygen is removed from 
the water before it enters the boilers. Vent condensers 
are used so that there is very little heat loss. As 
the heated water enters the main boiler feed header, 
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which supplies feed water to all the boilers, it is given 
a light dosage of di-sodium phosphate, which reduces 
scale formation in the boilers to a minimum. 

The blow-down water from the boilers is used to aid 
in heating the mine water, and hence there is little 
or no heat loss. As a result, a continuous boiler blow- 
down of often as high as 25% to 30% is maintained. 
This amount is flexible, and can be varied in such a 
manner as to be of maximum benefit in the main- 
tenance of the most economical heat balance. 

The mine water ordinarily receives a cold lime-soda 
treatment, supplemented by the addition of ferrous 
sulfate coagulant whenever required. All lime used 
in water treatment is bought as quick-lime and is 
slaked at the plant. It is fed to the water in the form 
of a milk-of-lime slurry. As in the case of the boiler 
water, the treated mine water is delivered to the settling 
basin through a baffled, wooden flume and is allowed 
a three-day sedimentation period. 

The mine water is taken direct from the sedimenta- 
tion basin to so-called “‘flue gas heat reclaimers” where 
it is heated to about 135° Fahrenheit by direct contact 
with the hot flue gases. These heat reclaimers were 
perfected by engineers of the Freeport Sulphur Com- 
pany and effect a saving of approximately 80% of the 
heat which is ordinarily lost up the stack. The mine 
water then passes into the exhaust-steam mine water 
heaters where it is heated to 212° Fahrenheit by the 
continuous boiler blow-down and by exhaust steam 
from the generators and prime movers. Whenever 
necessary live steam may be used to maintain the de- 
sired temperature. The heaters are equipped with vent 
condensers whereby the dissolved gases are removed 
without causing an appreciable heat loss. 

The pre-heated mine water is then pumped into the 
high pressure heaters where it is heated to 325-340° 
Fahrenheit by direct contact with live steam. These 
heaters operate at boiler pressure and are practically 
100% efficient in the utilization of all the available 
heat in the steam. The heated water is then pumped 
through well-insulated ten-inch lines to the field for 
use by the field department. 

The field department handles all affairs concerned 
with the actual production of the sulfur. 

In the early days of the industry, the wells were 
“punched” with slightly improved water-well drilling 
equipment using an “A-frame” derrick. Compare the 
picture of this old-style equipment with that of a 
modern well. At the present time, the sulfur wells 
are drilled with the electrically operated standard 
rotary well-drilling equipment which is used in drilling 
for oil. The practice is to mount the derrick and 
equipment on skids so that they may be moved from 
one location to another without having to be dis- 
mantled. 

The well is drilled to the top of the cap rock which 
forms the roof of the sulfur-bearing limestone. The 
depth varies in the different fields, but‘at Hoskins 
Mound it is usually from 1000 to 1600 feet. A ten- 
inch casing is then set and firmly cemented into the 
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cap rock in order to seal off the overlying formations. 
The drilling is then resumed and the well is extended 
to the top of the anhydrite stratum which lies im- 
mediately underneath the sulfur-bearing formation. 
The well is then equipped with an 8-inch hot water 
line, a 4-inch molten sulfur line, and a 1!/,-inch air line, 
all located concentrically within the larger pipe. The 
8-inch line rests on and is firmly cemented to the an- 
hydrite floor. Approximately thirty-five feet of the 
lower end of this string of pipe is perforated to permit 
the hot water to pass out into the sulfur-bearing forma- 
tion and to allow the molten sulfur to enter the well. 
A flange is welded inside of the perforated pipe a 
short distance above the bottom, and the 4-inch sulfur 
line rests on this flange. The air line is suspended 
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from the top of the well and éxtends to within two 
hundred feet of the bottom. The accompanying draw- 
ing, although not to scale, gives a good picture of the 
general equipment of a well. 

When a well has been fully equipped and ‘‘tied in”’ 
with the water, air, and sulfur distributing system, 
the hot water is started into the well. At first the 
water is pumped down both the 8-inch and the 4- 
inch lines in order to melt the sulfur more’ quickly. 
The hot water flows out into the sulfur-bearing stratum 
through the perforations in the pipe, the heat in the 
water melts the sulfur, and the molten sulfur flows 
down through the formation and collects in a pool 
at the base of the well. This melting process is made 
possible by the fact that the sulfur is not a solid de- 
posit, but is intermixed with a matrix of limestone. 
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After a while, the water is shut off, and if the amount 
of the molten sulfur is sufficient for it to be forced by 
hydrostatic pressure up into the 4-inch pipe as high as 
the lower end of the air line the well is said to ‘“‘seal”’ 
and to be ready for pumping. 

When a new sulfur well has sealed and is ready for 
pumping, air at a pressure of 500 pounds per square 
inch is turned into the 11/,-inch line and the molten 
sulfur is brought to the surface by air lift. At first the 
periods of pumping are rather short because there is a 
comparatively small amount of molten sulfur, but the 
duration of the pumping period is increased as more 
sulfur becomes available. The optimum condition is 
reached when, by continuous pumping, there is re- 
moved just that amount of sulfur which is melted by 
the hot water being pumped into the well. Once a 
well has started to produce it is never allowed to get 
cool, because whenever a well ‘“‘freezes’’—that is, 
the sulfur solidifies in the sump at the bottom of the 
well—it is lost to production and must be abandoned. 
This is due to the fact that the solidified sulfur is non- 
porous and is a good insulator, hence the hot water 
cannot circulate through the mass to remelt the sulfur. 
It is estimated that a normal well will remove the sulfur 
from an area of about a half acre. 

The water being pumped into the wells must be kept 
at approximately 320-335°F. If it is cooler than this 
there will not be enough heat carried per unit amount 
of water, and if it is above this temperature the molten 
sulfur will become too viscous to be pumped. Since the 
optimum operating temperature of all wells is not the 
same, an ingenious system has been devised by plant 
and field officials of the company whereby “tempering 
water” at about 210°F. is mixed at each individual 
well with the hot water in such quantities as to give 
the best operating temperature in that particular well. 

The pumping of seven to eight million gallons of 
water per day into a limited underground area cannot 
go on indefinitely without the removal of some of the 
cooled water. Consequently, “‘bleeder wells’ are 
located at selected points over the dome whereby the 
internal or “formation’’ pressure can be regulated. 
The “bleed water” thus removed has a temperature 
of about 180-200°F. but contains such large quan- 
tities of hydrogen sulfide and other dissolved substances 
that it is very corrosive and cannot be used again. 
However, it is taken through large wooden or cast-iron 
pipes to the ‘‘bleed water heat exchangers” where it is 
utilized to pre-heat the boiler feed water. The purifi- 
cation of bleed water has received much study and 
attention. Several schemes have been devised for the 
removal of the sulfides, the most obnoxious impurity, 
and have been put into operation by both this com- 
pany and the Texas Gulf Sulphur Company, but none 
has proved entirely satisfactory. 

The sulfur produced by all the wells in a limited area 
is pumped by air to central collecting stations known 
as “relay stations.” All lines through which the molten 
sulfur passes must be well insulated and equipped with 
steam “‘gut lines” to prevent the freezing of the sulfur 
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in them. In the relay stations are located the remote 
controls of the air and water supply of each well so 
that two men can control the pumping and steaming of 
all wells within that particular area. As the molten 
sulfur enters the relay station it flows into steam- 
jacketed separators from which the air and other gases 
are released to the atmosphere and the sulfur passes 
into a steam-heated constant-level flow tank. From 
the level tank the sulfur is discharged through orifice 
meters into the steam-heated cast-iron relay pit. 

Whenever the relay pit becomes full, it is accurately 
sampled and then pumped by large, fully submerged 
centrifugal pumps to the storage vats. The samples 
thus obtained are sent to the laboratory for analysis, 
affording an accurate check on the quality of the sulfur 
being produced. 

The storage vats to which the molten sulfur is 
pumped are huge wooden enclosures averaging 800 to 
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Note the large cones or “‘icicles” of sulfur which are built 
up at every point of discharge. The dark areas in the fore- 
ground are molten sulfur. 


1000 feet long, 200 feet wide, and 40 to 60 feet high 
and containing 400,000 to 750,000 tons of sulfur. 
The vats are built up gradually as the sulfur is pumped 
into them; the walls are at no time over three or four 
feet above the level of the sulfur. As the molten 
sulfur is pumped into the vats it has a dark, reddish 
brown color but it turns into a brilliant golden yellow 
when it solidifies. When a vat is full enough it is 
usually allowed to remain intact for from six months 
toa year. Asa rule, all the molten sulfur is solidified 
within a very short time after entering the vat, but 
the insulating qualities of the solid sulfur are so great 
that pockets of molten sulfur have been encountered 
in vats which have been standing for eight months. 
The crude sulfur thus solidified in the vats and ready 
for shipment is from 99.5% to 99.95% pure. Any 
sulfur having over 0.5% impurities must be sold as 
off-grade sulfur at a reduced price. 
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When the sulfur in a vat is ready for shipment, the 
wood retaining walls are removed and a standard- 
gage railroad track is laid alongside the huge yellow 
block. Holes are then drilled into the sulfur by means 
of miniature rotary well drills similar to the rotary 
rigs used to sink the sulfur wells. Dynamite charges 
are placed at the bottoms of these holes and the solid 
sulfur is broken into lumps small enough to be easily 
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handled by clamshell buckets or steam shovels. All 
dynamite and explosives used are covered with a 
brilliant red paper which, in contrast to the yellow 
sulfur, tends to induce greater safety in handling. The 
broken sulfur is loaded into box cars or gondolas for 
inland shipment or for transportation to the coast 
where it is loaded into ships which take it to ports all 
over the world. 
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LECTURE DEMONSTRATION OF THE LAW OF COMBINING VOLUMES 
T. H. JAMES 
University of Colorado, Boulder, Colorado 


AY-LUSSAC’S law of combining volumes is 
| tection demonstrated on the lecture table by 

two experiments: (1) the union of hydrogen and 
oxygen to form water vapor, and (2) the decomposition 
of hydrogen chloride by sodium or sodium amalgam. 
The latter experiment is, from the point of view of 
greatest accuracy, best performed by introducing a rib- 
bon of metallic sodium into a tube of hydrogen chloride, 
the lower end of which is sealed by mercury. This 
experiment, however, requires several hours for its 
completion, and hence is not well suited to demon- 
stration on the lecture table. The amalgam method, 
although much more rapid, presents difficulties of 
technic which render the results uncertain. 

Much of the inaccuracy involved in the use of sodium 
amalgam can be eliminated if hydrogen bromide is 
used in place of the chloride. The former gas pre- 
sents the following distinct advantages. (1) It is de- 
composed completely and almost instantaneously by 
the amalgam. (2) Its greater density allows the con- 
tainer to be filled more completely and with a minimum 
amount of air retained. (3) It fumes readily in even 
relatively dry air and thus acts as its own indicator 
of the point at which the container is well filled. These 
advantages lead to considerable accuracy in the demon- 
stration and more than offset the only important dis- 
advantage; 1.¢., that the detailed study of hydrogen 
bromide customarily follows that of the law of com- 
bining volumes. , 

The construction of the simple apparatus used in this 
demonstration is clearly indicated by the figure. The 





gas jar should be of about 500-cc. capacity, and the 
glass tubes 8-10 mm. in diameter. A small, rimless 
test-tube will serve for tube A. Hydrogen bromide 
is passed into the jar (with A removed) until the gas 
issuing from B fumes strongly in the air. (The 
hydrogen bromide is best obtained by the action of 
bromine on red phosphorus and 
water.) The rubber tube, B, 
is now closed at its middle by a 
screw clamp, and tube C by a 
clamp or glass plug. The tube 
A, which has been charged with 
10-15% in excess of the theo- 
retical amount of 20% sodium 
amalgam, is now put in place 
above thé screw clamp. It is 
essential at this point that all 
joints be absolutely tight. 

The amalgam is readily in- 
troduced into the jar by re- 
moving the screw clamp from B. 
The reaction is accompanied by 
a beautiful pyrotechnic display, and considerable heat 
is evolved. The hydrogen is cooled to room tempera- 
ture by immersing the apparatus in water. The jar is 
then opened under water by removing tube B, the water 
inside is quickly leveled with that outside, and the jar 
is removed from the water bath. If the latter opera- 
tions are carried out with reasonable speed, the amount 
of hydrogen formed by the reaction of the excess amal- 
gam with the water will not appreciably affect the results. 
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YOU MAY NOT KNOW... 


By R. ROSEMAN, B. W. ALLAN, and L. P. LONDON 
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“EVERYTHING THERE WAS TO BE KNOWN, HE KNEW.”’ 





From Schwertner's ‘‘St. Albert 
the Great" 


St. Albert the Great 


1193-1280 


On December 16, 1931, Pope 

Pius XI created Albert the 

Great Saint and Doctor of 
the Church. 


ALBERTUS MAGNUS 
(ALBERT THE GREAT), 
GERMAN FRIAR- 
PREACHER, THEOLO- 
GIAN, PHILOSOPHER, 
ONE-TIME BISHOP OF 
RATISBON, TEACHER OF THOMAS AQUINAS, 
AND PROBABLY THE GREATEST SCIEN- 
TIFIC INVESTIGATOR OF THE MIDDLE 
AGES, WHOSE WRITINGS CONSTITUTE THE 
MOST COLOSSAL ENCYCLOPEDIA EVER UN- 
DERTAKEN AND COMPLETED BY A SINGLE 
PERSON, “SO IMPRESSED THE BRILLIANT 


From Schwertner’s “St. Albert the Great” 


ALBERTUS MAGNUS 


He “studied and described the entire cosmos 
from tts stars to its stones.” 





From McDonald's ‘The Progress 
of Philosophy” 


St. Thomas Aquinas 
1225-1274 


“The most saintly of the 
learned and the most learned 
of the Saints.” 


MINDS OF HIS CON- 
TEMPORARIES WITH 
THE UNRIVALED 
CATHOLICITY OF HIS 
KNOWLEDGE THAT 
THEY CONFERRED 
ON HIM A DOCTORATE SUCH AS NO OTHER 
MAN EVER RECEIVED ... NOT IN ONE 
BRANCH OF LEARNING ONLY OR ANOTHER 
... BUT IN ALL. WITH ONE CONSENT 
THEY ACCLAIMED HIM, AND FOR ALL 
TIME HE REMAINS, THE UNIVERSAL 
DOCTOR!” 





ion, @ ea wt @ meter fF FA Ga mic Or 

















Lhe RATES of EVAPORATION of 


CHLORINE, BROMINE, and IODINE 
from AQUEOUS SOLUTIONS’ 


WO open beakers contain, respectively, a 0.001 M 
solution of todine and a 0.001 M solution of chlorine. 
How does the rate of escape of todine from the first 

beaker compare with the rate of escape of chlorine from 

the second? 

It is the writer’s experience that most students of 
chemistry give the wrong answer to this question, unless 
they are forewarned that the problem is not as simple 
as it appears. The experiments described in this paper 
provide the answer to the question. They may be of 
interest to investigators working with volatile solutes, 
as well as to teachers of physical chemistry. The ex- 
periments require the simplest type of apparatus and 
simple laboratory technic. Yet they can be used to 
demonstrate to the student the following physicochemi- 
cal principles and facts: 

1. The rate of escape of a volatile solute from a 
solution is controlled by the diffusion of the molecules 
through the liquid phase and through the gas phase 
above the liquid. The slower one of the two proc- 
esses determines the rate of evaporation. 

2. The rates of diffusion of all simple molecules and 
ions through water are of the same order of magnitude. 

3. The addition of potassium iodide to an iodine 
solution decreases the vapor pressure of the iodine. 

4, The degree of hydrolysis of chlorine in aqueous 
solution increases markedly with dilution. 

5. The hydrolysis of chlorine is repressed by the 
addition of hydrochloric acid. 

6. The degrees of hydrolysis of bromine and of 
iodine in aqueous solution are small. 


EXPERIMENTAL PROCEDURE 


The same procedure was used in all experiments: 
a 100-cc. portion of the solution under investigation was 
introduced into a 3-liter beaker. The thickness of the 
aqueous layer was 0.67 cm.; the distance from the 
surface of the liquid to the rim of the beaker was 20.3 
em. At definite time intervals the beaker was shaken 
gently, and a 5.0 cc. sample was taken and delivered 
into a flask containing 15 cc. of 10% potassium iodide 
and 50 cc. of water. Two drops of 1 N sulfuric acid 
were added, and the iodine was titrated with 0.05 N, 
0.005 N, or 0.001 N sodium thiosulfate, using starch 
as indicator. In some of the experiments in which the 


* Contribution from the chemical laboratory df Armstrong 
College. The experimental work was carried out in 1932, in the 


chemical laboratory of the University of California. 


MILTON J. POLISSAR 


Berkeley, California 
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concentration of the halogen was extremely low toward 
the end of the run, a good determination was obtained 
by using the whole remaining solution as the final 
sample. 

The beakers were not placed in a thermostat, be- 
cause this measure would have defeated its own purpose. 
There would have resulted a continuous circulation of 
the cold room air to the warm water surface and of 
the warmed air up and into the atmosphere. The 
temperature of the laboratory remained practically 
constant for the duration of an experiment, and varied 
but little from one experiment to another. The aver- 
age temperature was 24°C, 


DISCUSSION OF RESULTS 


The results of the experiments are shown in Figures 1 
and 2. In each case the ordinates give the instan- 
taneous overall concentrations of the halogen, in moles 
per liter, and the abscissas give the time, in hours. 
In order to avoid confusion, the curves were sepa- 
rated by shifting them along the horizontal axis. 

Since the data are plotted on semilogarithmic paper, 
the slope of each curve at any point is a measure of the 
instantaneous specific rate of evaporation at the point in 
question. 


THE EVAPORATION OF IODINE 


In Figure 1, in which the experiments on iodine are 
presented, each curve is marked with the serial number 
of the experiment. The number at the right of each 
curve gives the total concentration of potassium iodide 
in the respective experiment (free, iodide plus triiodide). 

On inspecting Figure 1, we find the following results: 
In runs 7 to 11, in which the concentrations of potas- 
sium iodide were small and varied from zero to 0.006 N, 
the curves do not differ much from straight lines. This 
means that the specific rate of evaporation remained 
practically constant throughout a run. Furthermore, 
we find that the slopes of lines 7 to 11 are practically the 
same. This is a striking observation, since it indicates 
that the specific rate of loss of iodine in run 11 was the 
same as in run 7, notwithstanding the fact that in the 
former practically all the iodine was present in the 
form of I;-, while in the latter it was present as free 
iodine. 

The observation can be explained as follows: Under 
the experimental conditions of runs 7 to 11 the iodine 
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FIGURE 1.—RATES OF EVAPORATION OF IODINE FROM AQUEOUS SOLUTIONS 


The numbers to the right of each curve give the total concentration of potassium iodide (in formula-weights/liter ). 
The slope at each point is proportional to the specific rate of evaporation. 
The slope, insensitive to small concentrations of potassium iodide, becomes inversely proportional to the concentration of the 


iodide, when the latter is large. 


The time scale for experiments 5, 6, and 14 is given at the top of the figure. 
The downward curvature in curves 7-10 is due to the diminution of the thickness of the water layer, because of sampling. 


was diffusing from the surface of the liquid at such a 
high rate that the concentration of the halogen at the 
surface was very small as compared with the concen- 
tration in the body of the solution. As a result of this 
concentration gradient, the rate of evaporation de- 
pended chiefly on the diffusion of the iodine from the 
interior to the surface of the solution. Since the co- 
efficient of diffusion of triiodide is approximately equal 
to that of iodine,* the rate of evaporation of the iodine 
was practically independent of the form in. which it 
existed in solution. 

As the concentration of the potassium iodide was in- 
creased to much greater values (0.066 formal to 2.06 F, 

* BRUNNER, Z. phys. Chem., 58, 1 (1906). 


in experiments 12 to 14 and 1 to 6), the concentration 
of free I, present in solution was decreased to a very 
small fraction of the total iodine present. This, in 
turn, decreased the evaporation from the liquid sur- 
face to a large extent. With only a small loss from the 
surface, the diffusion through the liquid was fast enough 
to maintain at the surface a concentration of iodine 
practically equal to that of the iodine in solution. 

Under such conditions the rate of evaporation of the 
volatile substance must be proportional to its vapor 
pressure. In the case of a solution containing iodine 
and a large excess of iodide ion, the specific rate of 
evaporation must be proportional, approximately, to 
the reciprocal of the concentration of free iodide ion, 
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because of the equilibrium: 
I, + I- me | say 


An inspection of curves 
1 to 6 and 12 to 14 will show 
that the larger the con- 
centration of the potassium 
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iodide, the smaller was the 
slope of the curve. In ex- 
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periments 5, 6, and 14 the 
rate of evaporation was so 
small that it was more than 
compensated for by the for- 
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mation of iodine through the 
oxygen reaction. 


THE EVAPORATION OF 
BROMINE 


The measurements carried 
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out in experiments 33 to 
35 (Figure 2) served to sub- 
stantiate the explanation 
given in the preceding sec- 
tion, without introducing 
any new principles. The 
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straight lines; the slopes of 7 
the three curves are approxi- 5 
mately equal to the slopes of 3 
curves 7 to 11 of Figure 1. 
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cific rate of evaporation of 10-* | 
bromine from its aqueous 0 
solutions is approximately 
equal to the specific rate of 
evaporation of iodine from a 
solution poor in potassium 
iodide, notwithstanding the 
fact that, for equal concen- 
trations, the vapor pressure 
of the halogen is much 
greater in a bromine solu- 
tion than it is in an iodine-triiodide solution.* 

The equality of the rates of escape of the two halogens 
was due to the fact that in both sets of solutions the 
diffusion of the molecules through the liquid phase was 
the controlling factor, while the vapor pressure of the 
halogen had practically no influence on the rate of 
escape. 

THE EVAPORATION OF CHLORINE 
It will be observed that in experiments 24 to 27 


* Thus, in a 0.001 M bromine solution the vapor pressure of 
the bromine is 10.4 mm.; in a solution containing 0.001 M 
iodine and 0.006 M potassium iodide, the vapor pressure of the 
iodine is 0.046 mm. The ratio of the two vapor pressures is 
226:1. 

These values were calculated with the use of the following data 
taken from LEWIS AND RANDALL, ‘“‘Thermodynamics,” McGraw- 
Hill Book Co., 1932: The vapor pressure of liquid bromine, at 25°C. 
is 218 mm. The solubility of bromine in water is 0.207 mole/- 
liter. The vapor pressure of solid iodine is 0.305 mm. The 
solubility of iodine in water is 0.00132 mole/liter. The dissocia- 
tion constant of triiodide ion is 0.00134 mole/liter. 


30 
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FicurE 2.—RATES oF EVAPORATION OF CHLORINE, ACIDIFIED CHLORINE, AND 
BROMINE FROM AQUEOUS SOLUTIONS 


The initial slopes are approximately the same for all three types of solutions and are ap- 
proximately equal to the slopes obtained in curves 7 to 11 of Figure 1. 

Dilution of the chlorine solutions causes a large decrease in the slope (because of hydrolysis). 

The addition of acid to the chlorine solutions eliminates the effect of hydrolysis. 

The degree of hydrolysis of bromine solutions is very small, and for this reason the slopes 
of curves 33 and 34 do not decrease toward the end of the curve. 


(Figure 2) the curves approximate straight lines, and 
that the slopes of the curves are approximately the 
same as those obtained in the study of the evaporation 
of bromine solutions and of iodine solutions con- 
taining only a small concentration of potassium iodide. 
The explanation of the equality has been discussed in 
the preceding sections. 

It will be observed, however, that for very low con- 
centrations of chlorine (curves 28 to 32, Figure 2), the 
slope of the curve decreases sharply toward the lower 
end of the curve. This sharp change in the specific 
rate of evaporation is caused by the hydrolysis of chlo- 
rine in very dilute solutions. 

Chlorine molecules in water take part in the following 
equilibrium: 


Cl, + H.O == Ht + Cl- + HCIO 


As the concentration of the chlorine is decreased the 
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concentration of free Cl, decreases much faster. As 
long, however, as the vapor pressure of the chlorine is 
not too small, the evaporation depends practically en- 
tirely on diffusion through the liquid layer, and is inde- 
pendent of the form in which the chlorine exists in solu- 
tion. When the concentration of the chlorine is made 
very small, the relative amount present as free Cl, be- 
comes very minute. The rate of evaporation from the 
surface is small enough to allow the maintenance at the 
surface of a concentration of chlorine practically equal 
to the concentration of chlorine in the body of the 
solution. Under such conditions the rate of evapora- 
tion is proportional to the vapor pressure of the chlo- 
rine. Since in very dilute solutions the vapor pressure 
is proportional to the third power of the total concen- 
tration, further decrease in the concentration of the 
chlorine results in a decrease in the specific rate of 
evaporation. 

Experiments 16 to 23 were carried out for the pur- 
pose of testing the explanation given in the preceding 
paragraph. In these experiments the solutions con- 
tained 0.2 M HCl, besides the chlorine. In the pres- 


ence of hydrochloric acid the hydrolysis of the chlorine 
was practically entirely suppressed, and, as a result of 
this, the specific rates of evaporation were practically 
independent of the concentration of the chlorine.* 
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SUMMARY 


The question proposed in the introductory paragraph 
can be answered as follows: 

In an open beaker or bottle the specific rate of 
evaporation is the same for bromine solutions, iodine 
solutions containing less than 0.006 M potassium 
iodide, and chlorine solutions whose concentrations are 
0.001 M or larger. In each of these solutions the con- 
trolling factor is the diffusion of the solute from the 
body to the surface of the solution. 

In iodine solutions containing more than 0.06 M@ 
potassium iodide the vapor pressure of the iodine be- 
comes the controlling factor, and the specific rate of 
evaporation is inversely proportional to the concentra- 
tion of the free iodide ion. 

In very dilute solutions of chlorine the specific rate 
of evaporation decreases with dilution. The addition 
of acid to the solution suppresses the hydrolysis of the 
chlorine, and under such conditions diffusion through 
the liquid becomes the controlling factor, and the 
specific rate of evaporation is independent of the con- 
centration of the chlorine. 


* The slopes of curves 24 to 27 do not decrease toward the end. 
This is probably due to the formation of moderate amounts of 
hydrochloric acid in the early stage of each experiment: Cl, + 
H,O = 2H* + 2Cl- + 1/20». 





LEAD TREES WITH THEIR ROOTS IN 
THE GROUND 


HARRIETT H. FILLINGER 
Hollins College, Hollins, Virginia 


A FEW years ago it occurred to one of our seniors, 
Katherine Dilworth, who was working on reactions in 
silicic acid gels, to try to make a “‘lead tree’ growing 
right side up instead of hanging suspended by its 
“roots” from the surface of the gel. She was quite 
successful, as have been many subsequent attempts. 
The accompanying photograph shows three “lead 
trees’ made as an extra, voluntary piece of work by a 
member of our freshman chemistry class last year. 

The directions given in Holmes’s ‘‘Laboratory Manual 
of Colloid Chemistry’”’ were used and were altered in 
only one respect. The lump of tin or zinc used to 
displace the lead ions in the gel was placed in the bot- 
tom of the tube and the mixture of silicate solution, 
lead salt, and acid was poured in on top and allowed 
to set. The ‘‘trees’” seem to grow upward nearly as 
easily as downward and produce beautiful effects which 
present a more fern-like appearance than when grow- 
ing suspended from the surface of the gel. In many 
cases the main branches seem to follow almost a sine 
curve. As indicated in the photograph, the mass of the 
metal used to displace the lead ions is hidden, or prac- 
tically hidden, from view when the tubes are placed 
in the individual stopper stands recently described 


by the author.' This arrangement makes the tubes 
present a very pleasing appearance in a display cabinet. 


1J. Cuem. Epuc., 11, 554 (Oct., 1934). 











A RULE to DEMONSTRATE the 
MIGRATION of IONS 


A. S. FEDOROW 


Chemical-Technological Institute, Charkow, U. S. S. R. 


HE MIGRATION of ions (or, more exactly, 
“Hittorf’s transport numbers”) and the phe- 
nomena of electrolysis connected with it present a 
point of physical chemistry which students seem to 
understand with considerable difficulty. Usually the 
most difficult questions for the students are as follows: 

1. How is it possible that an equal quantity of ions 
is deposited on both electrodes (in the simplest case of 
a binary electrolyte with a mono-valent anion and cat- 
ion), if the velocities of migration of anions and cations 
are different and different quantities of corresponding 
ions come to every electrode? 

2. Why is the ratio of the loss of concentration of an 
electrolyte at the cathode to the loss at the anode the 
same as the ratio of the velocity of migration of anions 
to that of the cations? 

The calculations found in the textbooks, as well as 
schematic figures, do not always give the proper re- 
sults. 

As a teacher of physical chemistry for many years I 
decided a few years ago to construct an expository 
model which is used by me at my lectures and by my 
assistants at the seminar conferences. The device 
takes the form of a wooden slide-rule like a logarithmic 
rule (see Figure 1). 
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On the upper part of the rule are printed 24 plus 
signs and 24 minus signs. Each (+) together with 
the corresponding (—) represents a dissociated mole- 
cule of a binary electrolyte. Thus the two upper lines 
represent the state of the electrolyte before electrolysis. 

At the left end of the rule is printed a large minus 
sign indicating the negative electrode (cathode), and 
at the right end of the rule is printed a corresponding 
plus sign (anode). 

The rule is divided by four vertical lines into five 
parts as follows: the cathode, the cathode part of the 
solution, the median part of the solution, the anode 
part of the solution, and the anode. 

The third (from the top) row of plus signs (24 signs) 
and the fourth (the lowest) row of minus signs (24 
signs) are printed upon two narrow wooden slides 
which may be moved separately. 
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Suppose we let a certain quantity of electricity pass 
through the electrolyte (8 Faradays, for example), the 
ratio of velocities of anion and cation being 3:5, 7. e., 
the transport numbers being */s and 5/s, respectively. 
On the model the operation is illustrated as follows: 
we move the slide with the minus signs (anions) to the 
right for three signs and the slide with the plus signs 
(cations) to the left five signs (see Figure 2). 
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FIGURE 2 


It is easy to see that: 

1. On the cathode (the left end of the rule) eight 
positive ions are to be deposited as there are in this 
region no corresponding negative ions (anions); on 
the anode eight negative ions are to be deposited, as 
there are here no corresponding positive ions (cations). 

2. Only four molecules (4 plus signs with 4 corre- 
sponding minus signs) have remained in the cathode 
part of the solution, while before the electrolysis there 
were in this part of the solution seven molecules (com- 
pare the two upper rows of signs); the loss of the con- 
centration in the cathode part consequently is three. 

There remained two molecules in the anode part, 
while before electrolysis there were seven molecules; 
the loss of the concentration in the anode part is five. 

3. The ratio of the loss of the concentration in the 
cathode part to that in the anode part is inversely pro- 
portional to the migration velocities of the correspond- 
ing ions. 

Another example. Let the ‘ratio of velocities of 
anion and cation be 1:2, 2. e., let the transport numbers 
be '/; and ?/;, respectively. We conduct through the 
electrolyte the quantity of electricity, e. g., 6 Faradays. 
On the model we illustrate by moving the slide with 
minus signs to the right for two signs and the slide with 
plus signs to the left for four signs (see Figure 3). 

















" 





FIGURE 3 


It is apparent that on the cathode (the left end of 
the rule) six positive ions and on the anode (the right 
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end of the rule) six negative ions are to be deposited. 
In the cathode part five molecules and in the anode 
part three molecules have remained; the loss of the 
concentration in the cathode part is two, that in the 
anode part is four. The ratio of the loss of concentra- 
tion in the cathode part to that in the anode part (2:4 
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FIGURE 4 








or 1:2) is inversely proportional to the migration ve- 
locities of cation and anion (2:1). 

Suppose we let the quantity of electricity passed be 
9 Faradays, the ratio of the migration velocities of 
anion and cation being the same (1:2). We move the 
slide with minus signs to the right for three signs and 
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the slide with plus signs to the left for six signs (see 
Figure 4). 

On the cathode nine positive ions and on the anode 
nine negative ions are to be deposited. In the cathode 
part four molecules and in the anode part one molecule 
have remained; the loss of the concentration in the 
cathode part is three, that in the anode part is six. 

It is especially clearly seen on thé model that equal 
quantities of ions are deposited on both electrodes (the 
quantities depending only upon the amount of elec- 
tricity passed through the electrolyte), as not only 
those ions which approach the electrode under their 
own power, so to speak, are deposited upon it but also 
those corresponding to ions with the opposite sign which 
went toward the opposite electrode. 

For seminar study and for individual use the rule of 
40 X 8 cm. size is very convenient, the 100 X 20 cm. 
or 150 X 30 cm. size being sufficient for lectures. 





MATHEMATICAL PROBLEM PAGE 


Directed by EDWARD L. HAENISCH 


Montana State College, Bozeman, Montana 


HE RESULT of an experimental measurement 

should be expressed to the proper number of 

significant figures, 7. e., to such a number of 
figures that all except the last are known with cer- 
tainty. Thus if the weight of an object is given as 
1.21 grams the weighing was made only to the closest 
10 mg., while 1.2144 would indicate a weighing made to 
the closest 0.1 mg. When several factors are com- 
bined the result must contain the proper number of 
figures. Convenient rules are: 

I. In addition or subtraction extend the significant 
figures in each term and in the sum or difference only 
to the point corresponding to that uncertain figure oc- 
curring farthest to the left relative to the decimal point. 
Thus: 


203.1 + 7.21 + 0.3184 = 210.6 


II. Retain in a product or a quotient as many sig- 
nificant figures as appear in the least accurate factor. 
(The % precision of the product or quotient cannot 
be greater than % precision of least accurate factor.) 
Thus: 

1.31 X 20.315 = 26.6 


In any quantitative experiment both determinate 
and indeterminate errors are present. Determinate or 
constant errors arise from errors inherent in the pro- 
cedure, instrumental errors, etc.; they can be elimi- 
nated only by changing methods, calibration of instru- 
ments, or running blanks and controls. Indeterminate 
or accidental errors are due to causes over which the 
experimenter has no control. They can be eliminated 





by getting a consistent set of results or, in other words, 
obtaining checks. 

Probability considerations show that the arithmetical 
mean serves as the best average value of a set of distinct 
results. The precision or consistency of the values can 
be judged by a number of means. The most useful is 
the “‘average deviation.’’ This is defined as follows, 
where d is the difference between the average and the 
individual result regardless of sign and n is the number of 


results. 
xd 


@ = average deviation of a single result = + —? 


The ‘‘mean square error,” m, is the error whose square 
is the average of the squares of all the errors. 
= (d?) 


m = mean square error of a single result = + + 
n —_ 


The ‘probable error,’’ 7, is the error such that the 
number of errors greater than 7 is equal to the number 
of errors less than r. It is not the error most likely to 
occur. 


r = probable error of a single result = + 0.6745 \ 28) 2 


Likewise we can compute the average deviation, the 
mean square error, or the probable error of the arith- 
metical mean. These are obtained by dividing the 
appropriate quantity for a single observation by the 
square root of the number of observations. For ex- 


ample: 
=d 


n n 





A = average deviation of the arithmetical mean = = 
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Sometimes a result deviates quite widely from the rest. 
Fales quotes a convenient rule. Omit the doubtful 
determination and compute the arithmetical mean and 
the average deviation of a single result. If the differ- 
ence between the arithmetical mean and the doubtful 
result is more than four times the average deviation dis- 
card the result. (The above cannot be applied to less 
than four results.) 
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HAMILTON AND Simpson, ‘‘Calculations of quantita- 
tive analysis,’ McGraw-Hill Book Co., New York City, 
1927, Chap. I. 

Faues, “Inorganic quantitative analysis,” Century 
Co., New York,City, 1925, Chap. IV. 

FInDLAy, ‘Practical physical chemistry,’ Longmans, 
Green & Co., London, 1933, Chap. I. 

MELLOR, “Higher mathematics for students of chemis- 
try and physics,” Longmans, Green & Co., London, 
1922, Chap. IX. 

DaniEts, ‘Mathematical preparation for physical 
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(The last two references will hereafter be referred 
to as ““MELLOR” and “‘DANIELS.’’) 


PROBLEMS 
1. Calculate the following. Express the answers 
with the correct number of significant figures. 
(a) 1211.1 + 0.7641 + 1.12 
(b) 7.516 X 1.31 X 0.2954 
(c) (1.276 X 0.00056) — (1.2 X 10-%) — (0.0023456 X 
0.0128) 
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2. The temperature of a thermostat was read at 
two-minute intervals for a period of 20 minutes. 


Time Temperature (Beckman Reading) Time Temperature 
0 3.161 6 3.152 
1 3.158 7 3.158 
2 3.159 8 3.162 
3 3.160 9 3.161 
+ 3.152 10 3.155 
5 3.162 


Calculate the average temperature, the average devia- 
tion of a single temperature, the average deviation of 
the arithmetical mean, the mean and the probable 
errors of a single result, and of the arithmetical mean. 

3. The precision sought in quantitative analysis is, 
in general, 1/1000. A volume measured from a buret 
can usually be precise to within about +0.02 ce. 
Similarly, weighings can be made to +0.2 mg. A 
sample of iron ore contains about 10% iron. The 
iron is to be determined by titration with potassium 
dichromate which is 0.1000 NV. How large a sample 
of ore must be taken for analysis to attain the desired 
precision? 

4, An analyst obtains the following values for the 
normality of an HCl solution when he standardizes it 
against Na,CO;: 0.1041; 0.1043; 0.1044; 0.1040; 
0.1032. What is the normality of the acid? Should 
any of the results be discarded? 

5. An empirical equation which states the frequency 
of occurrence, , of an error, x, is: 


y = ke—h*2? 


where k and h are constants. Plot a set of curves and 
determine the effect of varying k and h. (Values for 
e~"* may be obtained from tables or calculated by the 
use of logarithms.) Show why / should be termed the 


“modulus of precision.”’ 


SOLUTIONS TO JANUARY PROBLEMS 


1. (a2) Van der Waal’s Equation is (? + 7) (Vm — 6) = RT 


Vm denotes the molar volume under the conditions of the 
experiment. 


a ‘ 
772 must have same units as P. 

m 
If P isin atmospheres, V» in cm.* mol~!, a must be cm.® 


mol? atm. for <2. = Cm. mol atm. _ atm 
‘ Va? (cm.* mol~!)? : 


{b) Equivalent Conductivity is defined as A = VS, where 
V is the volume required to contain one equivalent of 
electrolyte. 


V = cm.? equiv. ~ S = ohm-'!cm.~!. 
A = VS = em.? equiv.~! ohm= cm.~! = ohm~!cm.? 
equiv. —!. 
dP : 
{c) d (log P) = 2.303 d (In P) = Pp: No matter what units 


‘ 


P has, e is unitless. 


a (dynes cm. ~?) (cm.*) 








(d) 9 cm.* 3 Cn sec. = dynes cm. ~? sec. 
Orn (Mv)*/s_ __ dynes cm.~! (g. mol~!cm.? g.~1)*/s 
(Te -T- 6) a deg. 


_ dyne cm.~! (cm.’ mol~!)*/s 
7 deg. 





= dyne cm. mol~*/s deg. ~! 
= erg mol ~*/s deg. =! 
2. latm. = 2116.2 Ib. ft.~? 
22.4 liters = 0.7912 cu. ft. = (ft.)® 


— 2116.2 Ib. ft.~* X 0.7912 (ft.)* 


= =} 
T mol X 273 deg. 5.993 ft. Ib. mol 


deg.~! 


R 





w g 
3. (@2) —= = g.cm.~?sec.~! 
(2) = F g sec 


m.? sec. 








M e . mol~! 
ye. ——, = dynes cm.~? g 
2RT - Vex mol! deg.—! deg. 











== g.cm.—* sec. ~! 


= g. cm. sec.~?cem.~? eS 
g. cm.” sec. ~? 


The equation is correct. 
(6) V = cm. sec. 
Ayo = ohm! cm.? equiv. —! 
E = volt cm.~! 
F = coulombs equiv. — 
(From Ohm’s Law volt ohm~! = amp.) 


AoE _ (ohm cm.? equiv. —) (volt cm.~1) 
F coulombs equiv. ~! 
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_ (volt ohm~!) em. 
amp. sec. 


= cm. sec.~! 





The equation is correct. ; 


din Ku. 
oat are 





4. din Kg.has no units. Therefore, the units of 
deg.~} 
This may be obtained on the right-hand side by taking 


AH _ cal. mol~! 
RT? cal. mol=! deg. deg.? 





= deg.—!. 





NOMENCLATURE of the 
ALPHA and BETA SUGARS’ 


HORACE S. ISBELL 


National Bureau of Standards, Washington, D. C. 


EASUREMENTS on the rates of oxidation of 
M numerous sugars, which the writer made by the 
bromine oxidation method', not yet reported, 
divide these sugars into two groups. Examination re- 
veals that for all the sugars in the first group the oxygen 
ring lies to the right and for all the sugars in the second 
group the oxygen ring lies to the left. The classification 
of sugars by Hudson’s method does-not take into ac- 
count any similarity of chemical behavior. In order 
to classify the sugars in a more satisfactory manner 
than heretofore, the writer proposes to change the 
customary nomenclature by introducing the new cri- 
terion of the position of the oxygen ring, as in this way 
a correlation of the names with the chemical behavior 
is obtained. , 
The customary nomenclature is based on whether a 
sugar belongs in the d or / series; in the d series the more 
dextrorotatory substance of an a-f pair is designated 
a, and in the / series 8. This nomenclature was sug- 
gested by Hudson? before the sizes and positions of the 
oxygen rings were definitely known and before our 
present knowledge of strainless ring structures in which 
the valence bonds lie in definite directions.* In the 
normal aldoses the hydroxyl united with the fifth car- 
bon forms the oxygen ring so that its configuration de- 
termines the direction in which the ring is bent. Con- 
sequently, the oxygen ring in all normal aldo-d-hexoses 
lies to the right and in all normal aldo-/-hexoses to the 
left. In the heptoses and higher sugars the d and / 
classification depends on the configuration of the sixth 
or higher carbon, while the configuration of the fifth 
carbon determines the position of the ring. In the 





* Published with the approval of the Director of the Bureau of 
Standards, U. S. Department of Commerce. Received October 
4, 1934. 

1 ISBELL, J. Am. Chem. Soc., 54, 1592 (1932). 
* Hupson, tbid 31, 66 (1909). 
* Fuson, Chem. Rev., 7, 347 (1980). 





normal pentoses the hydroxyl determining the d and /] 
classification does not form the ring, and consequently 
the location of the ring is not fixed by the configuration. 
The rates of oxidation, recently determined by the 
writer for numerous sugars in which the configurations 
of the first carbons are known from the optical rota- 
tions and the positions of the oxygen rings are known 
from the configurations of the fifth carbons, show that 
when the glycosidic hydroxy] lies in the same direction 
as the oxygen forming the ring the sugar reacts with 
bromine water more slowly than when the hydroxy] is 
directed away from the ring. In view of these facts 
the following rule is proposed: When the oxygen ring lies 
to the right, as in d-glucose, the more dextrorotatory mem- 
ber of the a-B pair shall be designated a, and the less dex- 
trorotatory member B; when the oxygen ring lies to the left, 
as in 1-glucose, the more levorotatory member shall be 
designated a, and the less levorotatory B. This rule is 
applicable to the furanoses as well as the pyranoses 
and to the derivatives of both. 

The reaction rates for the pentoses, sugars in which 
the positions of the rings are not known from the con- 
figurations, show that normal a-d-xylose, 8-d-lyxose, 
B-d-ribose, and /-arabinose (+191) are genetically re- 
lated to the d-hexoses, and their oxygen rings lie to the 
right. Consequently, the more dextrorotatory forms 
of these sugars and their derivatives can be properly 
designated a. 

This gives a satisfactory classification of those modi- 
fications of arabinose for which‘ several names are in 
current use, but does not alter the existing names of 
the more important sugars. 

The experimental data will be published in a forth- 
coming paper in which other proposed systems of no- 
menclature will be discussed. 

4 RIBER AND SGRENSEN, Kgl. Norske 
Skrifter, No. 7, 1933. 
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KEEPING UP WITH CHEMISTRY 


The technical production of protactinium. G. GRAUE AND H. 
KApinc. Z. angew. Chem., 41, 650-3 (Sept. 15, 1934).—A de- 
scription of the technical production of protactinium from the 
dry residues of the radium manufacture at Joachimstal. L. S. 

Vistra. W. ELLER. Chem.-Ztg., 77, 809-12 (Oct. 6, 1934).—A 
detailed discussion of the history, chemistry, and properties of 
this new artificial textile material used in Germany, accompanied 
by illustrations and curves. L, Ss 

Intermediate products of the coal-tar dye industry. See this 
title under “‘Scientific Reviews and Bibliographies; Tabulations 
of Scientific Data.” 

The industrial manufacture of synthetic waxes, artificial waxes, 
and wax-like substances. See this title under “Scientific Re- 
views and Bibliographies; Tabulations of Scientific Data.” 

The manufacture of acetaldehyde from acetylene. H. THom- 
MEN. Chem.-Ztg.,79, 797-800 (Oct. 3, 1934).—The historical de- 
velopment and modern methods of manufacture are described in 
detail. L. S. 

More aluminum sources. Anon. Ind. Bull. Arthur D. Little, 
Inc., 95, 3-4 (Nov., 1934).—Until a few years ago, the manufac- 
ture of aluminum everywhere was essentially the same process; 
that is, the electrolysis of refined bauxite. Today Italy has great 
reserves of readily procurable ore containing only some third as 
much aluminum as does bauxite. In southwestern Utah, adjacent 
to seams of coal, are deposits of alunite containing potash and 
more than half as much aluminum as bauxite. The Bohn Alumi- 
num and Brass Corporation proposes to use this source as an in- 
dependent source of the metal. Large-scale exploitation of alu- 
nite, somewhat less pure than the Utah deposit, is planned in 
Russia. A Chicago group expects to utilize by a new process low- 
grade bauxite ores. A Japanese pilot plant is reported to be pro- 
ducing aluminum from Manchurian clay; and Germany is de- 
veloping a novel method of producing aluminum from native 
clays in order to end her dependence upon imported bauxite. 
Several new aluminum plants produce alumina from bauxite with 
coke in an electric furnace. The ferro-silicon alloy by-product 
resulting is used in steel manufacture. Electric-furnace methods 
are tending to concentrate all stages of aluminum refining in 
hydro-electric sites. This is not true in Germany where coal- 
powered plants built during the War are still in use. In two 
years Russia has stepped from negligible importance to perhaps 
second place in the aluminum world, and bids fair*to equal pres- 
ent production in all other countries by 1937. G. O. 

Colored overcoats. ANON. Ind. Bull. Arthur D. Little, Inc., 

8 (Nov., 1934).—A new flexible waterproof, thermoplastic 
film has been developed. It is called ‘‘Parafilm.” It is made in 
sheets, but it is not transparent. It has remarkable resistance to 
both water and water vapor. The sheet is also thermoplastic, 
sealing itself to other surfaces with the application of a low de- 
gree of heat and pressure. It comes in many attractive colors, 
including green, red, orchid, yellow, silver, gold, black, and 
white. Two-toned combinations are available. It can be 
stretched to a considerable degree without elastic regain of its 
original dimensions, so that it may be readily twisted or braided. 
One of the first uses of this material is in floristry, where it is ad- 
mirably adapted for wrapping wreaths, flower stems, potted 
plants, etc. Its colors and glossy surface make it suitable for 
making artificial flowers. The sheet lends itself to food wrap- 
ping, resulting in experiments leading to new types of packages 
for food. G. O. 


Tough glass. Anon. Ind. Bull. Arthur D. Little, Inc., 95, 1-2 


(Nov., 1934).—Tough glass, modeled after Prince Rupert’s 
drops, violates the traditional ‘‘good factory practice” considered 
essential for toughening glass; that is, the process of annealing. 
The glass is heated, in this instance, to the softening point, 
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about 1500°F., and then quickly cooled by means of an air jet, 
steam jet, or immersion in oil at approximately 400°F. The 
result is that the exterior layer is quickly solidified, while the in- 
terior, cooling at a slower rate, contracts and places compressive 
forces on the exterior while the interior is put under very strong 
opposite but equal tensions. Instead of avoiding strains as in the 
old art of making glass, strains are intensified, but their direction 
is controlled to obtain symmetrical stresses. This sort of glass is 
being used for industrial goggles because they resist breakage toa 
far greater degree and, when broken, do no cutting. Ordinary 
glass breaks into relatively large, razor-edged splinters; whereas 
this glass breaks into less hazardous small pieces with rounded 
edges. These new glasses are not restricted to industrial goggles 
but are being successfully employed in several branches of in- 
dustry as in gage glasses for steam boilers, in lamp chimneys, 
porthole glass, and the like. They are also successfully employed 
in correcting defective vision. There is but one restriction to the 
use of such lenses—the minimum dimension must be over three 
millimeters to retain characteristic features. Tough glass is also 
used in various types of bifocal and curved lenses. G. O. 

Alcohols in industry. E. W. Rem. Chem. & Met. Eng., 41, 
576-8 (Nov., 1934).—There are 23 aliphatic alcohols which may 
be purchased in drum and carload lots, all of which can be pro- 
duced synthetically at low cost. If the isomers of normal alco- 
hols are considered in future development the possibilities assume 
astronomical proportions. There are 89 possible octylalcohols; 
507 of Cy; 5,000,000 of C29; and over 95,000,000,000 of Cao. 

The alcohols are the most important industrial organic chemi- 
cals from the standpoint of tonnage, volume, and diversity of 
application. It appears probable that the use of ethanol will de- 
crease due to competition of methanol and isopropanol. Alcohols 
are preferred for solvents due to low cost and low toxicity. Their 
vapors offer little industrial hazard if sufficient ventilation is 
maintained. 

The largest single use of alcohols is as an antifreeze. The sur- 
face-coating industry uses large amounts, especially for slow- 
drying lacquers. The cosmetic industry is the third largest out- 
let. The textile industry is using polyhydric alcohols for condi- 
tioning fibers and yarns and as lubricants. The general chemical, 
food, and beverage industries use them in varied ways. The in- 
troduction of a new alcohol is usually followed by that of a large 
number of its derivatives. . W.H. 

Domestic iodine industry demands recognition. P. D. V. 
MANNING. Chem. & Met. Eng., 41, 568-70 (Nov., 1934).—Iodine 
is one of the latest additions to ‘the! number of products that 
American manufacturers can supply in quantities ample for all 
domestic requirements. This is entirely from brines that are 
pumped, along with the oil from California oil wells. Not all such 
brines contain sufficient iodine to make recovery profitable. In 
one recovery plant 3,000,000 gal. of brine are treated per day. 
The brine runs 50 parts per million iodine. After removing as 
much oil as possible from the brine, H,SO, and NaNO; are added 
to liberate the iodine. The iodine is absorbed in activated car- 
bon, and in turn leached from the carbon as sodium iodide. The 
iodine is then liberated by chlorine and steam. The vapors pass 
to sewer-tile type iodine condensers. The element is purified by 
the Girvin Process (melting under conc. H2SO,). J. W. H. 

Pressure synthesis a possibility for sulfuric acid manufacture. 
E. Beri. Chem. & Met. Eng., 41, 571-3 (Nov., 1934).—The 
lead-chamber process for sulfuric acid is one of the oldest chemical 
processes still in operation on a commercial scale. One group of 
scientists maintains that nitrosylsulfuric acid is the important 
intermediate substance while a second group believes it is nitrous 
acid. Berl holds with the first group. There has also existed the 
idea that nitric acid acts as a catalyst in this reaction. This has 
proved to be false. 
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In the modern chamber process the contact surface between 
gas and liquid has been increased. It has now been found that if 
pressure is also increased a much greater output per unit of 
volume and time is obtained. The yield is proportional to the 
square of the pressure. 
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The author believes that the process of the future will be a 
combination of the pressure lead-chamber process and the con- 
tact process. In the future one will add to the last tower of the 
oleum absorption system cheaply produced lead-chamber acid, 
made according to the pressure process. ‘Ww; E. 


APPARATUS, DEMONSTRATIONS, AND LABORATORY PRACTICE 


Electrolysis of water. F. J. Lorz. Sch. Sci. Math., 34, 811 
(Nov., 1934).—Explains the use of two shipment-size lengths (5 
ft. X 8-10 mm.) of glass tubing, mounted, and provided with 
rubber tubing and clips at the top, with electrodes at the bottom, 
with current supplied through a tungar rectifier, all serving as a 
means for a more rapid demonstration of the electrolysis of water 
than is usually effected with the standard apparatus. J.H.G. 

Source studies. I. Noppack AND W. Noppack. Z. angew. 
Chem., 41, 637-41 (Sept. 15, 1934).—The authors show how to 
deduce the source of a chemical from the minute impurities pres- 
ent in the compound. L. S. 

Dithiazon as reagent for the qualitative and quantitative micro- 
analysis. H. FiscHer. Z. angew. Chem., 41, 685-92 (Oct. 6, 
1934).—Numerous applications of this reagent are pointed out. 

L.S 


Atoms in action. W. T. Sxitumnc. Sch. Sci. Math., 34,737-42 
(Oct., 1934) and 34, 825-8 (Nov., 1934).—Discusses the transmu- 
tation of the elements; structure of atoms; disintegration of 
uranium, radium, and thorium, with the production of the several 
isotopes of lead. The mass spectrograph, invented by Aston, is 
explained. The laws of radioactive change with the photographic 
light-producing, heating, and physiological effects are discussed at 
length. Bey: et 


The chemistry of metals in their relationship to classical chem- 


istry. O. DeHLINGER. Z. angew. Chem., 41, 621-4 (Sept. 8, 
1934).—A general review, discussing: 1. Principal and secon- 
dary valences and the law of multiple proportions; 2. Affinity 
and osmotic pressure in compounds and mixed crystals. L. S. 
The present state of photochemistry. PR.Harteck. Z. oe. 
Chem., 41, 647-9 (Sept. 15, 1934).—A review. | ae 2 
Frigates to test tubes. Anon. Ind. Bull. Arthur D. Litile, 
Inc., 96, 3-4 (Dec., 1934).—One of the first industries of colonial 
America was the manufacture of naval stores. Today this 
old industry of pine tar and its relatives is becoming a leader 
in industrial progress. Although the wooden-hulled warship has 
passed, there are still many wooden vessels afloat using pine tar 
for ropes and oakum; but shipping is no longer the chief con- 
sumer of pine tar. The rubber industry has become the principal 
consumer. Today most tires contain pine tar to promote tough- 
ening of carbon black, or to produce well-knit structure. Pine 
tar has proved itself a ‘‘plasticizer”’ for synthetic resins and the 
cellulose derivatives. Pine tar fractions are finding use as disinfec- 
tants, as lacquer diluents, and in roofing compositions. Com- 
bined with copper oxide, the tar protects fish nets against the 
attack of microérganisms. Pine oils penetrate the waxy coating of 
many insects and are used to fine effect in certain insect sprays. 
During the war, pine tar became the major source of creosote, 
guaiacol, and their carbonates, all exceptionally important chemi- 
cals. G. O. 


SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES; TABULATIONS OF SCIENTIFIC DATA 


Intermediate products of the coal-tar dye industry. H. 
BUCHERER. hem.-Ztg., 58, 857-8 (Oct. 20, 1934).—A review 
covering hydrocarbons, chlorine derivatives, sulfonic acids, 
nitrogen derivatives, amino compounds, hydroxyl compounds, 
aldehydes, ketones, carboxylic acids, alkyl derivatives, and thio- 
phenols. 1 eS 

The industrial manufacture of synthetic waxes, artificial waxes, 
and wax-like substances. R. Strauss. Chem.-Zig., 77, “= 
(Oct. 17, 1934).—A review. Los: 

Absorption of light and chemical constitution. A. SMAKULA. 
Z. angew. Chem., 41, 657-65 (Sept. 22, 1934).—A general review 
accompanied by numerous curves and several tables. Las: 

Catalysis in applied chemistry. V. Catalysis in analysis and 
plant control. R. Lucas. Chem.-Zig., 58, 889-92 (Nov. 3, 
1934).—A review dealing with noble metals as catalysts, catalytic 
oxidation of CO and marsh gas, catalysis in volumetric analysis, 
detection of traces of compounds, catalysts in organic elementary 
analysis, and negative catalysts. 69 references. Las: 

Positive electrons. G.Kirscu. Chem.-Ztg., 58, 909-11 (Nov. 
10, 1934).—A review dealing with the discovery of negative elec- 
trons, the discovery of positive electrons, a theoretical discussion 
of the positron problem, and artificial radioactivity. L. S. 


Cheaper iodine. Anon. Ind. Bull. Arthur D. Little, Inc., 
96, 4 (Dec., 1934).—For about half a century Chile has sup- 
plied the bulk of iodine used by the world. A small amount 
was obtained from seaweed, especially in Japan and France. 
For years a small amount of iodine has been obtained from 
well waters in Java. Until 1928 these sources supplied the 
iodine needed for medicinal uses, and for those industrial uses 
that could stand the cost. Then came the production of iodine 
from the very dirty “‘salt water’? which accompanies the oil from 
certain oil wells in California and Louisiana. These wells have 
produced as much as 1200 pounds a day, or up to three-fourths 
of our “normal” requirements of 600,000 pounds per year. Italy 
has also started production of her own iodine from deep wells, in 
1930, as a measure of national self-sufficiency. Recently Russia 
has entered into iodine production for her own needs and possibly 
for export. The main point of interest now is that as a result of 
all this competition, the price of iodine is down; and now that the 
price is down, iodine is eligible for processes where price kept it 
out before. The principal existing uses for iodine are medicinal, 
but it has been considered in connection with anti-knock motor 
fuels, and it has a certain value in certain dyes. It is a useful 
catalyst for a number of chemical reactions. G. O. 


HISTORICAL AND]BIOGRAPHICAL 


The four elements of the 12th century as described by Alex- 
ander Neckam. E. O. von LippMANN. Chem.-Zig., 58, 710-2 
(Sept. 1, 1934).—A historical review of the four elements, fire, 
air, water, and earth, as they were described during the 12th 
century by Alexander Neckam in his publications ‘‘De naturis 
rerum” (The nature of things) and ‘‘De laudibus divine sa- 
pientie’”’ (The praise of godly wisdom). L. S. 

Lacquer development during 100 years. D..R. WIGGAM AND 
W. E. Groor. Ind. Eng. Chem., 26, 551-3 (May, 1934).—1933 
marked a century of progress in the development of cellulose 
lacquers. A hundred years ago Braconnot published his account 
of the preparation of xyloidin from starch or sawdust with 
HNO. It was soluble in acetic acid from which a hard varnish- 
like material was obtained on evaporation. Liebig was the 
first to recognize its fundamental importance. Schénbein was 
the first to nitrate cotton with mixed nitric and sulfuric acids, 
a big practical step forward. In the interest over guncotton 
the varnish-like properties were overlooked, although guncotton 
in ether-alcohol had been used as ether glue. This mixture 


was later proposed for use in surgical dressing. Later the plas- 


ticizing properties of castor oil and camphor were discovered. 
Parkes conceived the idea of mixing gums and plasticizers with 
nitrocellulose as protective coatings, but its development was: 
held up till Stevens’ disclosures of amyl acetate as a suitable 
solvent. Important developments were the discovery of new 
plasticizers such as the phthalates and phosphates and cheapening: 
diluents for the solvent. Amyl acetate, the only early non- 
hygroscopic solvent, was expensive, but about 1920 butyl 
acetate, made by the Weizman process, first began to be used, 
also anhydrous ethyl acetate. Reduction of viscosity so that the 
thickness of the film could be increased was of great importance. 
Other practical problems to be considered were the effect of 
light, heat, and moisture. A list of about 40 references i 4 oe 


The inspection of food in the middle ages. K. AMBERGER. 
Chem.-Ztg., '77, 829-32 (1934).—A historical discussion of the in- 
spection of food against adulteration accompanied by numerous 
quotations of old regulations, laws, and punishments which were 
in force in Nuremberg during the middle ages. 
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THe Farm Cuemurcic. William J. Hale, The Dow Chemical 
Company. The Stratford Company, Boston, 1934. iii + 
201 pp. Sfigs. 12 X 18cm. $2.00. 


The significant fact that this book is advertised and endorsed 
by the Chemical Foundation is strong indication that the author 
is inspired with the praiseworthy desire to strengthen American 
chemistry, and to make this country chemically independent. 
In particular, he is anxious to help the farmer by showing the 
way to found a huge chemical industry upon routine farm prod- 
ucts. 

The author considers cellulose as one of the world’s greatest 
raw materials, starch another, sugar another—to mention only 
a few. Both farmer and industry profit by the teamwork sug- 
gested by Dr. Hale. 

Since mineral resources are rapidly diminishing, it is the part 
of wisdom, and of immediate profit, to develop substitutes from 
plant growth for mineral products whenever and wherever pos- 
sible. With the fuels, the author argues for a certain degree of 
substitution, in spite of the contrary statements by oil producers. 
Dr. Hale urges the compulsory addition of several per cent. of 
alcohol to gasoline, and points out the vast farm acreage that 
would consequently be required 'to produce the starch or sugar 
requisite for this amount of alcohol. He thinks the difficulties 
in the way have been greatly overstated. 

In the early pages of this dynamic little book, Dr. Hale de- 
scribes the rise of the machine age at the dawning of the nine- 
teenth century accompanied by anger and fears of labor, short- 
sighted then as always, ‘‘yet in the midst of this development 
arose increasing demands for labor.” 

As an historical fact, operating in the opposite direction to the 
author’s present thesis, he cites the well-known replacement of 
farm-grown alizarin and indigo by the better and cheaper syn- 
thetic products. 

It is shown that alpha cellulose from wood—never selling at 
more than four cents per pound—must forever better cotton 
cellulose, except where cotton as such is demanded in the textile 
industry. 

Of the Haber Process, Dr. Hale writes, ‘“Today, in the light of 
agricultural power we know that this invention is to be regarded 
as of far greater significance in the history of the world than the 
steam engine itself.’ 

The Ethyl-Dow Chemical Plant at Wilmington, North Caro- 
lina, extracting eight tons of bromine daily from 300,000,000 
lb. of ocean water, is pumping back into the sea $500 worth of 
gold daily. If all the gold in the sea (which will be extracted if 
its price rises much higher than now) were divided in purely 
democratic fashion among all mankind, every men, woman, and 
child would get $1,000,000 worth for his share. On this basis, 
Dr. Hale considers that gold is a very poor and unstable stand- 
ard of values. He much prefers the commodity dollar. 

“The cost of the finished product drops in pace with the drop 
in employees. This explains human progress.’’ One of the 
“best shots’’ in the book is the chapter on ‘‘The Four Horsemen.” 
In this chapter, the author writes entertainingly of the utilization 
of solar energy by plants, of the importance of evaporation of 
water from the leaves in forcing sap circulation in the plant, of 
the utilization of lower organisms in the soil. 

It is startling to read an argument for the use of lignin of wood 
in the plastic field, for wall insulation, and for synthetic drain 
pipes. 

“The Farm Chemurgic”’ is certainly phrased in forceful lan- 
guage, perhaps too emphatic, and a bit too assured of absolute 
rightness. 

The reviewer doubts whether the whole truth is expressed in 
the flat statement that, ‘Nation after nation has vanished simply 
by reason of excessive tax burdens upon its own citizenry.” The 
author is violent against a realty tax, and in favor of excise, sales, 
and income taxes. 


99 


RECENT BOOKS 





Whether the reader agrees or not with all of the author’s 
theories and arguments, he will be convinced that this is a stimu- 
lating little book, and that its main thesis is sound. As a final 
hopeful sample, read this: 

“There is no hope under Heaven for agriculture to over-supply 
industry when once industry adapts the new discoveries to her 
enterprise.” Harry N. Hotmes 


OBERLIN COLLEGE 
OBERLIN, OHIO 


DICTIONARY OF ORGANIC COMPOUNDS. VoLUME I. Abietic 
Acid—Dypnone. I. M. Heilbron, Editor-in-Chief. Oxford Uni- 
versity Press, New York City, 1934. xix + 706 pp. 18.5 
X 26.4cm. $25.00. 


The first volume of the new dictionary is a monumental and a 
beautiful piece of work. The critical examiner is immediately in- 
clined to question whether or not the labor and expense involved 
are justified by the utility of the product. This question is one 
which must be referred to the needs of the individual chemist; 
it can scarcely be answered with assurance by any one person. 
The fairest course would seem to be to set forth the facts and leave 
the reader to judge for himself. 

Any work of this nature inevitably invites comparison with 
“Beilstein.”” Not that the present work is advertised or suggested 
as a substitute for that standard compendium, but that one has in 
the latter a convenient and universally known point of reference. 

As to compactness and cost there can be no question that the 
Dictionary has the advantage over the older work. As at present 
projected it will comprise three volumes of approximately 700 
pages each to sell at $25.00 each. 

In the matter of language there can scarcely be said to be any 
advantage. Presumably every organic research chemist reads 
German, and many persons who could never pass a language ex- 
amination use Beilstein with ease. 

In convenience of reference the Dictionary has both its advan- 
tages and its disadvantages. It is possible to locate in the Diction- 
ary quickly and easily any organic compound (exclusive of dye- 
stuffs) which one can name. On the other hand one might have 
considerable difficulty in looking up betaine if he knew its formula 
but not itsname. The converse difficulty occasionally exasperates 
the user of Beilstein. 

For the present, at least, the Dictionary is more up to date and 
extensive than Beilstein. Some of the data and some of the com- 
pounds listed are too recent in origin to have appeared in the latest 
editions of the older work. 

In the matter of comprehensiveness of data relating to a single 
given compound it is obviously a physical impossibility for a 2100- 
page work to compete with Beilstein. The disparity in textual 
content is actually greater than it appears superficially, for at the 
most conservative estimate Beilstein must contain at least fifty 
per cent. more actual printed material per page than the Diction- 
ary. 

When available the following data for each compound are listed 
by the Dictionary: sources, where of interest; physical properties. 
(melting point, boiling point, solubility, density, refractive index, 
heat of combustion, optical rotation); chemical properties (typi- 
cal reactions, analytical tests, etc.). The data for derivatives fol- 
low under separate sub-headings. Molecular weights and struc- 
tural formulas are also given. d 

Specific literature references for the data listed are not given. In 
general, there is one reference (but sometimes two or three) for 
each compound entered under a principal heading. This reference 
usually relates to the description of the compound or to its method 
of preparation. 

Within the scope which the Dictionary undertakes, the present 
reviewer’s chief criticism is based on physical grounds. Judicious 
typographical selection and arrangement could have led to a much 
more compact (and probably to a less expensive) work. The 
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bold-faced headings stand out and the 10-point Scotch-Roman 
solid type is extremely easy on the eyes. (This review is printed 
in 8-point type. The main body of the JouRNAL is in 10-point 
type.) However, one does not usually do extensive reading in a 
dictionary and it would seem that an 8-point type would have done 
as well. The frequent indentations and spacings (again kind 
to the eyes) lead to a considerable proportion of broken lines and 
a high percentage of blank space per page, which is further in- 
creased by generous margins. An area of 14.8 X 20 cm. cir- 
cumscribes all the printed matter on an 18.5 X 26.4-cm. page, 
including index headings and page number, as well as inter- 
columnar spacing. Some space could also have been saved by a 
more selective use of structural formulas. Any chemist would be 
grateful for the full presentation of formulas like those of berberine, 
bilianic acid, and bisabolene, but few need to have anthracene, 
benzene, and o-chlorobenzaldehyde diagrammed for them. 

The reviewer’s criticism deals, of course, with a matter of taste, 
or at least of individual preference. Its validity for the reader 
must depend upon whether the higher value is set upon compact- 
ness, economy, and sheer utility, or upon absolute consistency and 
handsome appearance. In a dictionary the reviewer would rate 


the former virtues higher than the latter. 
Otto REINMUTH 


Jéns Jacos Berzetius. Autobiographical notes, published 
by the Royal Swedish Academy of Sciences through H. G. 
Sdéderbaum. Translated from the Swedish by Olaf Larsell, 
Professor of Anatomy, University of Oregon Medical School, 
Portland. The Williams & Wilkins Company, Baltimore, 
1934. xi+194pp. 3illustrations. 13.5 X 20.3cm. $2.50. 


These autobiographical notes cover sixty-two of the sixty-nine 
years of the life of Berzelius. They were written at two different 
periods of his life. The first section was prepared in 1823 when 
he was elected to the Royal Swedish Academy of Sciences. 
(The Academy requested, for its files, biographical notes of all 
members.) The second part, dated January, 1842, supplements 
the first. It was expected that every ten years members would 
bring their biographies up to date. 

Berzelius wrote much more extensive notes than required by 
the ‘‘Proceedings of the Academy.” He did this with prophetic 
insight, as the foreword reveals. 

“T have not been able,’ he wrote, ‘‘to conceal from myself 
that the success I have had the fortune to experience as a scientist 
will fasten some attention upon the events of my life after my 
course is finished.” 

Chiefly, the book relates the outward facts of the eventful 
life of Berzelius. His honors, greater than those of most scien- 
tists, included twelve Royal Orders and membership in ninety- 
four learned societies. In the translation, the accounts of these 
awards and the notes on the Academy of Sciences are omitted 
on the grounds of being of less interest to the general reader 
than the more personal notes. There are many details of his 
early struggles for an education—he was an orphan at the age 
of eight. He worked his way through school, to use the present- 
day expression. The story, often repeated, that Berzelius was 
passed in the chemistry examination for his degree, only on 
condition that he do well in physics, is set forth in its true back- 
ground of altercations between professors. If comfort had 
ever been drawn from this story, that Berzelius had become 
great without being an able student of chemistry in his younger 
days, then that comfort must be denied. There are numerous 
side-lights on his experiments. Among these should be men- 
tioned the early work with voltaic cells which furnished the 
immediate background for his dualistic theory of chemical 
compounds. 

Berzelius was a great traveler and accounts of his journeys 
furnish much of the material for the notes. At various periods, 
he made extended visits to Denmark, England, France, Switzer- 
land, Germany, and Norway. While in these countries, he 
met many of the scientists of the first half of the nineteenth 
century. Throughout the book, one catches glimpses of a host 
of such leaders as Sir Joseph Banks, Sir Humphry Davy, Alexan- 
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der Marcet (the eminent chemist who was the husband of Jane 
Marcet, author of “Conversations on Chemistry’), Vauquelin, 
Biot, Alexander v. Humboldt, Wéhler, and Goethe. 

To many American chemists this little book should be of 
special interest. Wo6hler, one of Berzelius’ most famous students, 
was one of the teachers of Ira Remsen who, in turn, through his 
position at The Johns Hopkins University, became the teacher 
of a generation of the leaders of chemistry in the colleges and 
industries of this country. In other words, hundreds of Ameri- 
cans now trace their chemical lineage back to Berzelius. 

The printing is very clear and on good paper. The style is 
that of the translator and miay be characterized as somewhat 
matter-of-fact. The scholar will find the many explanatory 
notes of value, as he will the parallel passages from the three 
manuscripts which constitute the original sources. Two of 
these manuscripts are in the handwriting of Berzelius. The 
third was written by Mme. Berzelius. A list of the most famous 
pupils of Berzelius is included. 

Avery A. ASHDOWN 

MASSACHUSETTS INSTITUTB OF TECHNOLOGY 

CAMBRIDGE, MASSACHUSBTTS 
PHYSICAL CHEMISTRY FOR STUDENTS OF BIOLOGY AND MEDICINE. 

David I. Hitchcock, Ph.D., Associate Professor of Physiology 

in the Yale University School of Medicine. Second edition. 

Charles C. Thomas, Springfield, Illinois, and Baltimore, 

Maryland. 1934. xi + 214pp. 28figs. 14.25 X 23 cm. 

$2.75 postpaid. 


This is essentially identical with the first edition [reviewed 
J. Cuem. Epuc., 10, 256 (1933)] except that a supplement of 
“laboratory directions’? has been added. These twelve experi- 
ments deal with osmotic pressure, hemolysis, determination of 
the freezing-point depression, hydrogen-ion concentration, sur- 
face tension, and adsorption, the osmotic pressure of colloids, 
H* and proteins, the isoelectric point of proteins, H+ and enzyme 
action and reaction velocities. 

It is unfortunate that the curriculum of medical students and 
students of biology is often so restricted that they are unable to 
program the “long course’’ in physical chemistry as offered to 
chemistry majors. It is equally unfortunate that most of the 
long courses in physical chemistry offered in our schools of chem- 
istry contain few or no illustrations of the application of this 
science to problems of biology. The interest of the biological 
and medical student would certainly be stimulated if a few such 
applications could be included in the course, so that they could 
see where the road was leading them. More and more it is being 
shown that the important physiological phenomena are based 
upon physical and physico-chemical laws and reactions and the 
physiological investigator of the future who does not have a 
mastery of physics, physical chemistry, and mathematics will find 
himself sorely handicapped. 

This volume is excellent as an “introduction” to the funda- 
mentals of physical chemistry which have a particular applica- 
tion to physiological processes but it is too brief and too limited 
to give that mastery of the subject which the researcher should 
attain. On the basis that a half a loaf is superior to no bread at 
all, it is highly recommended for adoption in medical schools. 

It contains a minimum of mathematics, and is pointed directly 
at physiological processes, enzyme action, membrane equilibria, 
equilibria in blood, oxidation-reduction processes, etc. As col- 
lateral reading for a “long course” for chemists it should prove 
valuable to stimulate interest in the biological applications of 
the subject. 

One delightful feature of the book is a series of “‘biographical 
footnotes”? following such names as Henry, Ostwald, Faraday, 
Helmholtz, Kohlrausch, etc., etc., telling the student about these 
leaders in the science, when they lived, where they worked, and 
what they did. Too often these names are abstract entities to 
the student. The present arrangement makes them more real, 
almost as though one had met them personally. It is an excel- 
lent pedagogical feature which should be adopted by other 
writers of textbooks. Ross AIKEN GORTNER 


UNIVERSITY OF MINNESOTA 
St. Paut, MINNESOTA 
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ERIC K. RIDEAL 


Well known for his work and writings on surface phenomena, catalysis, 
etc. (Photograph by Professor C. W. Foulk, spring of 1952, at Professor 
Rideal’s laboratory, Cambridge, England.) 
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HO WILL SHOW US THE WAY?—From time 

to time persons afflicted with visions of a better 

world demand that scientists begin to accept 
responsibility for the social consequences of their dis- 
coveries. Although we have studied several such de- 
mands with interest and concentration, we have not as 
yet been able to determine what is meant by them in 
terms of what is expected of the individual scientist. 
If we ever have the good fortune to meet one of these 
estimable, but indefinite, agitators for scientific re- 
sponsibility face to face we’ll be glad to set up the beers 
for the evening while he explains to us in concrete 
terms what it’s all about. 

The general idea seems to be that modern trans- 
portation, communication, industrial production meth- 
ods, and so forth, have brought with them modern 
economic, criminological, sociological, and hygienic 
problems. All our material modernisms may be loosely 
said to be the outgrowths of scientific discovery. 
Therefore, all their attendant headaches may properly 
be blamed on science. Since scientists are the creators 
and guardians of science they should “accept the 
responsibility.’’ Which leaves us at our starting point. 
(After all, it’s some comfort to know that we’ve been 
running fast enough to stay in the same place.) 
he Without wasting breath in protesting the bungling 
logic of the line of reasoning just sketched, let us try 
to run a little faster and arrive at some credible interpre- 
tation of what is meant by “accepting the responsi- 
bility.” Surely something more than a confession of 
culpability is desired. Indeed, if there is anything the 
average scientist can do to make this a better world 
to live in he will probably be glad enough to do it 
without insisting on proof that he helped to bring about 
our present imperfect state of affairs. 

One of the gaudiest schemes we have seen proposed 
is that scientists might prevent that arch-catastrophe 
war by banding together in a policy of non-codperation. 
Incidentally, our educated friends tell us that a Greek 
comedian once turned out a delightful little skit based 
on the notion of a similar general strike conducted by 
women. On the whole, the Greek idea seems to come 
the nearer to being water-tight. Once forewarned, it 
would be a feasible matter to make scientists out of 
people who were not and had not expected to be 
scientists. It is a little more difficult to supply women 
or reasonably satisfactory substitutes therefor. Even 
assuming that all scientists could get together and 
stick together in this holy cause, the feat would be 
analogous to that of drowning a shark by swimming to 





the bottom and holding him there. War would 
probably go on at about the present technical level, 
and somebody would probably insist that those who 
don’t codperate shan’t eat. 

But, alas, scientists, like women, have their frailties. 
Most of them are also Britons, Frenchmen, Germans, or 
what not. Many of us can remember how quickly 
the scholarly and amiable gentlemen we had been wont 
to meet at scientific gatherings became fiends in human 
form upon the declaration of war, and with what pious 
and patriotic fervor we struck their names from the 
honorary membership rolls of our scientific societies. 
No doubt we shall feel it imperative to purge our ranks 
of scoundrels on some future occasion. 

Let us, however, abandon such gloomy forebodings 
to consider what the scientist may do toward remold- 
ing the world nearer to the heart’s desire in the piping 
times of peace. One of our recent economic night- 
mares has been our vast surplus of agricultural produce. 
By virtue of severe drought, government-subsidized 
sabotage, production limitation (also government sub- 
sidized), and a certain amount of discreet dumping, 
the actual physical surplus has nearly disappeared. 
Potentially, however, it still hovers over us. Doubtless 
Mendel, Liebig, Pasteur, and their scientific successors 
too numerous to mention are to blame. It is too late 
to forestall their errors. What can we do to rectify 
them? 

Perhaps Dr. John Doe, humble but efficient member 
of the research staff of a great industrial chemical 
organization engaged in the production and improve- 
ment of agricultural insecticides, can be awakened to 
his social responsibilities. Perhaps he can be made to 
see that it is wrong to connive at the protection of un- 
wanted crops from the divinely constituted agencies 
for their limitation. Perhaps he will be honorable 
enough, if his protests go unheeded, to resign himself 
and his dependents to the ministrations of the relief 
agencies. Perhaps Dr. Richard Roe, without other 
present prospects of employment, can muster the 
resolution to refuse the position vacated by Dr. Doe. 
Perhaps—but we doubt it. 

Other possibilities occur to us, but they all seem 
equally impractical—human nature being what it is. 
Nevertheless, we are still open-minded and mildly 
hopeful. We still stand ready to buy the beers for 
anyone who can tie the scientists’ burden of social 
responsibility up in neat little bundles of which we can 
select one for our very own. (We don’t trust anybody 
who wants to do the job on hard liquor.) 
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production. They fluctuate because supply and 

demand are constantly and in varying degrees 
subject to change. Prices, which are the practical 
expression of that relationship, shift higher when de- 
mand becomes more insistent or supply less abundant, 
and lower if demand weakens or the supply is in- 
creased. 

During the War, for example, the price of toluene rose 
sharply because manufacturers with lucrative muni- 
tions contracts were bidding for the limited supplies 
of this essential raw material. These eager buyers 
did not raise the price to encourage production. They 
were willing to pay high prices that they might make 
profits by manufacturing toluene into T. N. T. The 
result of their demand and their ability to pay high 
prices was that eventually many of the old-style bee- 
hive coke ovens were replaced by ovens of the modern 
by-product recovery type. So eventually the supply 
was increased. 

This property of price that enables it to regulate sup- 
ply is extremely important to the chemical industry. 
Among industries selling the public for direct con- 
sumption the checks upon free competition are both 
more numerous and more effective. The action of 
price upon the supply of industrial raw materials is 
more direct. Consequently, chemical prices are more 
quickly responsive to these fundamental economic in- 
fluences and, by the same token, less subject to control 
and manipulation. 

These interrelationships are aptly illustrated by 
white arsenic. This material (As.O3) is produced in 
the United States chiefly as a by-product recovered 
from the flue dust and flume at smelting operations 
in the western states. Prior to 1915, at a price of about 
3c a pound, it was not profitable for our smelters to 
install the necessary recovery equipment. As a re- 
sult our arsenic supplies were imported. From 1900 
to 1910 our annual production averaged only 975 
tons while we were bringing in some 10,000 tons each 
year from Mexico, Japan, Spain, and Germany. A 
potential domestic output of from 15,000 to 20,000 
tons was allowed, because of the low price, to go to 
waste. War demands, intensified by the difficulties 
and high cost of ocean transportation, raised the price 
to 8c in 1916. Then the western smelters installed re- 
covery plants. 

At this time the normal demand for white arsenic 
was roughly 10,000 tons—4000 tons used as insecticides, 
1200 tons for weed killers, 1500 tons for sheep dips, 
2000 tons in the plate glass industry, and 1000 tons 


(ee prices tend to approximate the cost of 
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for various miscellaneous and unclassified uses. In 
1917, however, a big but highly uncertain demand 
suddenly appeared. 

Calcium arsenate was discovered to be the best 
means of keeping the cotton boll weevil in control. 
This market expanded rapidly, so rapidly that it 
created famine in 1922 and 1923, and the price of white 
arsenic ran up quickly to 18!/sc. As a result calcium 
arsenate (made from white arsenic) soon cost the 
southern planter 25-30c delivered. This high price, 
combined with the low price of cotton and weather 
conditions adverse to the propagation of the weevils, 
cut this sudden demand so sharply that by the end of 
1924 the price of arsenic had dropped back to 61/,c. 

These obvious price changes resulted from a large, 
unexpected demand; but conversely, if supply varies 
while demand is constant, prices will tend to fluctuate 
widely. The prices of those chemicals produced as 
by-products exemplify this principle. Their supply is 
governed by factors which have no bearing upon their 
demand. This is exactly the case of benzol and sul- 
fate of ammonia, by-products of coking operations, 
which in turn are dependent upon the activities of the 
steel industry. To increase considerably the output 
of the by-product requires expansion of the main 
product operation. Few industrialists are as willing 
as Charles Lamb’s Chinaman to burn down the house 
in order to roast a suckling pig, and this natural dis- 
inclination to tamper with an established operation for 
the sake of its by-products finds expression in the ex- 
ceptional sensitiveness of by-product prices to any 
increase in demand. On the other hand, the supply 
of a by-product, produced willy-nilly or recovered to 
prevent a nuisance, is almost insensible to curtailed 
demand. To cut the output of the by-product neces- 
sitates a curtailment of the main product, which would 
constitute a case of the tail wagging the dog. Ac- 
cordingly, by-product prices drop quickly to abnormally 
low points if demand slackens. 

When either supply or demand is comparatively 
fixed or rigid—‘‘inelastic’’ as the economist says— 
price fluctuations will be at once wider and more fre- 
quent. Change in price, in order to adjust differences 
between supply and demand, must be proportional 
to the difficulty with which this balance is struck. 
Being manufactured goods, the supply of chemicals 
can be increased or decreased almost at will; but the 
demand of the country’s industries for these raw ma- 
terials is comparatively constant and little affected 
by changes in price. 

When there is a large chemical overproduction, as 
of alcohol in 1926, and of most industrial chemicals 
in the 1929 depression, and consumers are already 


103 


BOSTON UNIVERSITY 
COLLEGE OF LIBERAL ARTS 
UBRARY 





104 


using all that they normally need, no price reduction 
will encourage them to consume greater quantities. 
They may be tempted by the low price to store a 
limited quantity; but this is merely postponing the 
evil day for the producer. Moreover, new buyers 
of chemicals are not so quickly or simply created as 
in the case of pork or wheat, motor cars or shoes. 
For chemical demand depends upon the needs of in- 
dustrial consumers for use in their manufacturing op- 
erations. It is only to be increased by indirect meth- 
ods. One of the great chemical consumptions of the 
country is the use of caustic soda in the soap industry, 
a demand that runs into vast tonnages; but a demand 
that will not increase by a single drum until the public 
uses more soap. 

Offsetting this inelasticity of chemical demand is the 
very great stability of that demand. This is a marked 
industrial advantage. It lays down a solid founda- 
tion upon which the industry is able to build a pro- 
duction program. It sets a fixed point below which 
prices will not fall. It frees the chemical maker of 
the horrid bugaboo of styles. It is compensation for 
inelastic demand, variable costs, and technological 
competition in both process and product. However, 
seasonal variations in chemical demand are fairly com- 
mon, but they are pretty clearly defined and so may 
be anticipated. 

The use of denatured alcohol as an anti-freeze in 
automobile radiators, which accounts for about half 
of the total gallonage, is obviously confined to the 
colder months and restricted to the northern states. 
Calcium chloride is sold as a dust layer only during the 
spring and summer. Fertilizers, insecticides, fungi- 
cides all have short seasons of use. 

Seasonal demand is the exception in the chemical 
field; but variations in the character of demand among 
different types of chemical consumers are quite im- 
portant. The demand for caustic soda from a soap 
factory and a laundry are different both in degree and 
intensity. The soap factory buys in carload lots; 
the laundry, in drums. The soap factory must have 
caustic soda or shut down. The laundry can sub- 
stitute tri-sodium phosphate, borax, bicarbonate of 
soda, metasilicate, half a dozen different modified 
sodas, or any one of a hundred different proprietary 
cleansing compounds. The demand of the manufac- 
turer of patent leather for collodion is different from the 
demand of the photo engraver or lithographer, and 
each differs from the demand of the makers of surgical 
supplies and of photographic films. 

The price that any one of these consumers will pay 
is influenced not only by the use to which he puts the 
chemical, but also by the price which he will eventually 
receive for the goods into the manufacture of which it 
has entered. Formaldehyde is an essential in the 
manufacture of embalming fluid and in the production 
of Bakelite. The undertaker uses small amounts and 
its cost is but a tiny fraction of his charges. If the 
formaldehyde price rose to five, even to ten dollars a 
pound, but few of his customers would object. The 
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manufacturer of plastics, however, consumes vast 
quantities, and his product is in direct competition 
with other materials used largely in further manu- 
facturing operations. To him, an advance of but 
ten cents a pound for formaldehyde might shut his 
finished product out from effective competition, for 
example, with hard rubber in the great electrical field. 

Finally, within a single industry there are differences 
in the demand among individual consumers. Not 
only are there close buyers and careless buyers; but 
there are also differences in financial strength, in con- 
suming capacity, in manufacturing or marketing ef- 
ficiency, which create real differences in the price that 
two firms, using the same chemical for the identical 
purpose, are able and willing to pay. 

When we discuss the law of supply and demand in 
the abstract, it appears deceptively simple. When we 
deal practically with its problems, it then becomes 
dangerously remote. True causes and inevitable ef- 
fects are obscured. Selfish interests and the pressure 
of competition, the threats and promises of the im- 
mediate business situation, hope, pride, greed, and 
fear—these are the motives that drive us to action. 

In good times we seek to “stabilize” business, that 
is, to maintain “‘the present level of prices,’ and this 
price level is likely to be too high. We have forgotten 
the corrective influence of price upon the relationship of 
supply todemand. On the down swing of the business 
cycle we make frantic efforts to check, not the force 
which causes the depression, but the regulator which 
would most promptly and most surely readjust the un- 
balance of supply and demand. Prices are pegged. 
Tariffs are raised and taxes are spent on ill-considered 
public works. Doles and subsidies are granted special 
groups at the expense of the whole people. Rents are held 
up by long-term leases. Wage reductions are violently 
resisted by organized labor. Even when we teeter 
on the brink of economic ruin we do not remember that 
safety lies, not in maintaining price, but in reéstab- 
lishing the equilibrium of supply and demand. 

Such crass stupidity has its excuses. The compensat- 
ing forces of supply and demand often work very 
slowly. It is not a difficult matter temporarily to 
distort their interactions. But in spite of delays and 
exceptions, supply and demand are positive, irresistible 
forces which in the long run control, if they do not at 
the moment compel, economic activities. 

Under our economic system of individual initiative 
and responsibility, profit is the practical measure of 
reward for business success. The primary object of 
every chemical manufacturing enterprise therefore, is 
to establish the most favorable possible margin be- 
tween what it costs to produce and market a chemical 
product and the price for which it can be sold. 

The value of the finished goods, however, does not 
depend upon the cost of manufacture. Simply to 
invest money in land and plant, raw materials and 
labor to produce a certain chemical at the cost of one 
dollar a pound would not make a pound of that chemi- 
cal worth one dollar, either if there were no demand for 
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it, or if it were being produced in sufficient quantities 
at 80c. Neither the money invested, nor the raw 
materials consumed, nor the human labor expended, 
create value. The first two facts are pretty generally 
recognized; but the fallacy that labor creates the only 
real, added value is an economic heresy persistently 
fostered in certain circles. This intriguing error is 
stripped when one determines accurately just how much 
value a man would add to a pretty blue crystal of 
copper sulfate by polishing it carefully for a week. 
Nor will the most powerful corporation create value 
(regardless of what sums it invests, regardless of the 
patents or processes it controls, no matter what brains 
and energy it employs) if it manufactures a chemical 
which cannot be sold. 

The chemical manufacturer may increase value by 
producing a chemical which has a greater utility than 
the chemical raw materials consumed in its manu- 
facture. Sulfuric acid—itself made from pyrites or 
from brimstone—is used in turn to treat phosphate 
rock; the phosphate rock is mixed with potash and 
nitrates to produce a ‘‘complete fertilizer.”’ Each 
manufacturing process has added to the value of the 
materials used. The vast majority of the chemical 
operations of industry increase the value of the goods 
through chemical reactions resulting in an increase in 
form utility. 

Value may also be increased by adding new utilities. 
Hence the constant, painstaking search made by alert 
chemical manufacturers for new uses for their products. 
Sulfur in rubber vulcanization, chlorine as a direct 
bleaching agent in the paper and textile mills; benzol 
added to gasoline as an anti-knock; alcohol as an 
anti-freeze; acetic anhydride in the manufacture of 
artificial silk; butanol in cellulose lacquers are all 
familiar instances of new uses which in their time pro- 
foundly affected markets and prices, even the manu- 
facturing processes and sales policies, of important 
branches of the American chemical industry. So vital 
to commercial success is this search for new uses 
of chemicals, that the sales department and research 
staff are regularly employed in this work. 

The hunt for new chemical markets, however, differs 
in one important respect from similar efforts by manu- 
facturers of goods going to the public. The ultimate 
consumer seldom originates the demand for either new 
commodities or new conveniences. On the other hand, 
chemical manufacturers are called upon to supply a 
demand, be it old or new, which already exists. So 
almost universal is this condition that it has come to 
be an aphorism of industrial research that it is easier 
to make a new chemical for a given use than to find 
a commercial use for a new chemical. 

For a hundred years the chemical industrialists of 
the world have striven to make greater profits by par- 
ing down their raw material and plant costs, improving 
their yields, and increasing their sales volume. Every 
success has been but another incentiva to greater 
sales effort. No group of economic goods is sold in 
more diversified markets than chemicals. Compris- 
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ing such extremes as codeine sulfate sold by the ounce 
and copper sulfate delivered in carload lots, chemicals 
reach a wide range of consumers of most diverse types 
through a great variety of trade channels. 

Even a single chemical has commonly many dif- 
ferent uses and is often marketed by different men and 
methods. Copper sulfate is at once an agricultural 
insecticide and a raw material of the electrical, tanning, 
printing, textile, paint, paper, and chemical industries, 
while it is used also as a laboratory reagent, a medicine, 
a hair dye, a wood preservative, and a water purifier. 
Methylene blue is a dye and a medicine; carbon tetra- 
chloride is a solvent and a fire extinguisher; calcium 
chloride is used in refrigerating machines and on the 
roads to lay dust; ethylene glycol is an anti-freeze, 
but it is also sold to the manufacturers of dynamite and 
of fruit flavors; sulfuric acid proverbially plays a part 
in every modern industry. 

This multiplicity of chemical consuming fields makes 
the chemical marketing problem extremely complex. 
As the economic purpose of manufacturing is to increase 
the form-utility of goods, so the service of marketing 
is to give to goods greater utilities of time and place. 
Sulfur at the mine in Texas and aniline oil at the plant 
in New Jersey must be brought to the factory in Ohio 
before they can be compounded in rubber to be used 
in fabricating automobile tires. Plainly this involves 
more—much more—than the actual act of selling these 
industrial raw materials to the rubber company’s 
purchasing agent. 

About 96 per cent. of our total production of chemi- 
cals is consumed in industry and agriculture; but 
from the marketing point of view, this is not the most 
distinctive feature. Coal, iron, and steel, copper, zinc 
and lead, wood, rubber, wool, silk, cotton, all enjoy 
widespread industrial markets; but none of them, as 
do chemicals, find their principal consuming field 
right within their own industry. It has been esti- 
mated that 60 per cent. of all chemicais are consumed 
in the operations of the chemical industry itself. This 
figure includes chemicals sold for use in further chemi- 
cal processes and chemicals consumed in operations 
within the plant of their origin. This intra-industry 
consumption of chemicals inflyences their marketing. 
Silk, wool, and cotton, for example, are all caught up and 
flow together to the consumer through the textile in- 
dustry and dry goods trade. Dyes, bleaches, mordants, 
soaps, reach the textile mill each from different sources 
of supply, while the chemical plant producing caustic 
soda, liquid chlorine, and soda ash distributes each of 
these products through different channels to scores of 
consuming fields. 

These intricacies of chemical distribution arise from 
two causes. First, most chemicals have many uses in 
widely different industrial fields. Second, practically 
all chemical plants produce a number of different prod- 
ucts. The producer of tri-sodium phosphate finds 
important outlets to tanneries and sugar refineries, to 
laundries, to makers of water softeners and boiler com- 
pounds, photographic developers, and pharmaceutical 
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manufacturers; a fairly cosmopolitan group of in- 
dustrial customers. If he also makes di-sodium phos- 
phate, which is likely, he will also sell to the potteries, 
to the dyestuff makers, to the textile printing trade, 
to makers of baking powder and self-raising flour, and 
‘to the paint mixers. Complexities such as these are 
inevitable. Obviously, they do not simplify the market- 
ing problem of the chemical industry, although this 
extreme diversity of uses does have a favorable 
effect in spreading demand evenly throughout all 
seasons of the year and steadying the market during 
periods of fluctuating business activity. 

As in other fields, the distribution system of the 
chemical industry has expanded and diversified with 
the growth of American industries. In the past it has 
been successively modified to meet changing conditions 
in consuming fields. The original distributive organi- 
zation was based upon the selling agent who was taken 
over—often bodily—by the youthful American chemi- 
cal industry from the foreign manufacturers. These 
sales agents were our first chemical firms. At At- 
lantic seaports—chiefly Philadelphia, New York, and 
Boston—they carried stocks of imported chemicals. 
Sometimes they traded as merchants, buying their 
supplies abroad, and importing them for their own 
account. More often they acted as representatives 
of foreign producers and as such received goods on con- 
signment selling them on commission. Frequently, a 
single firm acted in both capacities. They acquired 
expert understanding of market conditions, a good 
practical working knowledge of the industrial uses of 
chemicals, and close personal contact with chemical 
consumers. They were admirably equipped to serve 
a chemical maker, and as soon as an American pro- 
ducer was in a position to compete effectively with im- 
ported materials, he was glad to choose the easiest 
way of getting his chemical wares on the market. 
The professional chemical sales agent relieved him of 
most of his selling problems and left him free to per- 
fect his plant operations. The distributor, who is 
always forced by competition to get his supplies as 
cheaply and quickly as possible, had economic, as well 
as patriotic reasons for making connections with a 
domestic source of supply. 

As the country expanded industrially, there sprang 
up similar selling agencies at the different inland 
centers of manufacturing activity. At the beginning 
they bought their supplies from the general sales 
agents at the seaports, but the more aggressive of 
them soon began to import direct or to buy in carload 
quantities from domestic manufacturers. 

In this manner, the business of the general agents, 
who by this time had centered in New York, would 
have shrunk eventually to a local business in the 
metropolitan area, had not the tremendous industrial 
expansion following the Civil War brought the carload 
industrial buyer into the market. These big consumers 
demanded to buy direct from the general agent or the 
maker in carload quantities and as cheaply as the local 
agent. The general agents welcomed such an arrange- 
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ment, and throughout the heavy chemical group it 
came to be recognized that the manufacturer or his 
direct sales agent handled the carlot business, while 
the local distributors, either as agents or merchants, 
served the needs of the less-than-carload buyers in 
their own territory. To make up for the loss of business 
when local industries grew into carload consumers, the 
local distributor maintained his position by adding new 
chemicals and by developing new outlets. Con- 
tinually the chemical distributor has played the part 
of chemical missionary. He has been forced con- 
stantly to introduce new chemicals and to instruct new 
chemical users. 

The World War gave further impetus to the more 
direct sale of chemicals. Not only has the general sales 
agent almost disappeared from the marketing organi- 
zations, but manufacturers have invaded local markets 
with their own salesmen, establishing branch offices 
with warehouses to handle direct even the less-than- 
carload business. As soon as a chemical manufacturer 
has a volume of sales in a given territory that justifies 
the costs of carrying spot stocks, of maintaining a 
branch office, of employing his own salesmen, of as- 
suming local credit risks, he is prone to shoulder for 
himself these functions. He has done so in order to 
win greater volume of business by concentrated selling 
effort under his own control and direction as well as 
to gain the obvious benefits of direct contact with cus- 
tomers. 

A collateral result of this tendency has been the al- 
most complete elimination of that old distributing 
servant, the broker, or professional buyer. Even be- 
fore the War he had slipped into a comparatively in- 
significant position. Market conditions, during the 
war period, created temporarily a very real need for 
the broker’s function. Demand for chemicals so far 
outran supply that successful purchasing was mainly 
a scramble to locate available stocks of materials. The 
seller’s price quotation on scores of important materials 
was ‘‘What will you pay?’ Government requisitions, 
allotments to industries, and shipping regulations, all 
changed overnight. Transportation was demoralized 
and deliveries accordingly uncertain. 

Amid this market turmoil the broker flourished. 
His constant contacts with both buyers and sellers 
gave him an expert knowledge of current prices and 
of available supplies often only obtainable second hand 
from obscure sources. This knowledge was at that 
time undoubtedly a practical economic service. But 
these war-time markets were stuffed with temptations 
for the broker. Double commissions, collected from 
both buyer and seller; orders diverted to later, higher 
bidders; misrepresentations as to quality which the 
broker had neither the time, nor the knowledge, nor 
possibly even the inclination to verify, led to easy 
adulterations and eventually to substitutions; always 
the seductive chance to speculate by buying not for a 
client but for the broker’s own account—all these under- 
mined the honest broker’s legitimate economic service. 
This sticky jampot drew a swarm of flies. Young men 
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with just sufficient capital to rent office space and 
engage a typist reaped a golden harvest. Their 
heaviest expense was the telephone. Often they 
worked with two or three instruments on their desk, 
and their toll bills for long-distance calls were often a 
thousand dollars a month. A few of them had had 
some chemical experience; but many of them had 
never even seen the materials which they sold and re- 
sold in ton lots. 

Such an irresponsible and ignorant crew drove the 
brokerage business on the rocks. Their disgraceful 
dealings abroad brought disrepute upon the entire 
American chemical industry. Their sharp dealings 
at home convinced both chemical makers and chemical 
consumers that just as soon as they might be dispensed 
with, the broker’s services were not needed in our 
chemical markets. They vanished during the deflation 
period of 1920 in an evil-smelling cloud of repudiated 
contracts and bad debts. In fact, they gave further 
impetus to the tendency toward direct dealing be- 
tween producers and consumers. 

Despite this war-time abuse and in the face of the 
economic trend toward simplification, in certain chemi- 
cal fields, the broker’s services are legitimate and use- 
ful. Many chemical raw materials, usually the prod- 
ucts of extractive industries or agriculture, often 
brought from -distant, foreign sources of supply, are 
largely purchased through brokers. The markets for 


such products as arsenic, phosphate rock, pyrites, 
mercury, chrome and other ores, vegetable oils, gums, 


resins, etc., fluctuate sharply. Stocks on hand, or 
afloat, or at primary markets; quotations on the spot 
or for future shipment; the current production or 
local crop conditions—a score of factors have so direct 
a bearing upon price and enter so largely into wise and 
skilful purchasing that consumers find it to their ad- 
vantage to rely upon the expert advice of brokers. 
Moreover, shippers far from their consuming customers 
find the services of the brokers in bringing their goods 
to the buyers a true economic convenience. 

Certain industries which consume a variety of chemi- 
cals and which are concentrated within a restricted 
area furnish a highly specialized local market. The 
paint and varnish industries of Cleveland, the rubber 
industries of Akron, the leather industries of Glovers- 
ville, N. Y., are all served by dealers who specialize 
in their peculiar chemical requirements. Such special- 
ized markets combine a demand for a wide variety of 
chemical products and a consumption from a consider- 
able number of small, prosperous factories. If the 
consuming units are very large, or if the industry 
takes in but a few chemicals, direct buying in carload 
shipments will predominate. Thus the paper, soap, 
and glass industries, although each has well-marked 
centers of activity, do not offer great opportunities for 
the local distributor. On the other hand, an outstand- 
ing example of the specialized local market is furnished 
by the textile groups. In Boston, Providence, Fall 
River, Passaic, Philadelphia, Charlotte, and Green- 
ville, and even at the smaller textile centers, are chemi- 
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cal dealers who depend wholly upon this trade. They 
carry bleaches, mordants, soaps, sizes, dyes for silk, 
wool, or cotton goods, whatever the local mills require. 

When the German dye manufacturers controlled 
the American situation before the War, although several 
of them imaintained branch offices in the United States 
with large staffs of salesmen and technicians, neverthe- 
less, their actual sales were largely made through these 
local dye dealers. The boss dyer at the mill was the 
dye buyer, and the Germans shrewdly sold this man 
through a local distributor who talked his own language, 
belonged to his own lodge, played with him, gave him 
Christmas presents, holding his business on a basis 
of personal friendship, and who, if need be, was an 
ideal paymaster for those more direct forms of com- 
mercial bribery which the Germans did not hesitate 
to employ. These local dyestuff dealers continue in 
many instances to render a real service. For the 
smaller mills they test colors, mix dyes, match shades. 
Thus they relieve the management of the direct ex- 
pense of maintaining their own laboratory. They 
take most of the technical work and a great deal of the 
responsibility off the shoulders of the dyer. For these 
services and because of their great practical experience, 
they continue to serve the textile industry. 

Our larger American dye manufacturers, however, 
prefer to sell direct to the consumers, calling on them 
with their own sales forces, rendering technical service 
through their own laboratories. Some of them have 
made rather determined efforts to confine their deal- 
ings exclusively and directly to consumers, and so 
assure themselves that the user receives their dyes 
unblended and undiluted. It is often to the advantage 
of the local dealer to sell a special mixture of dyes, 
with particular instructions and specific formulas for 
their use. He alone can immediately duplicate such 
an order and by selling a given color effect, rather than 
a given dye, he is able to command premium prices. 
Thus the interests of the local dealer are cemented 
to the smaller dye maker and the dye importer who 
do not have a full line of colors, enabling them to sell 
a mill all its requirements. These specialized dealers 
are further encouraged by the many, various chemicals 
this industry consumes in great quantities. Soaps, 
bleaches, sizes, mordants, fillers, acids, finishing ma- 
terials, all serve to round out his line and give him not 
only additional income, but also a competitive ad- 
vantage over the dye manufacturer’s salesman who 
sells colors only. Nevertheless, even in this specialized 
field the trend toward more direct dealing between 
maker and user is notable, and it is significant that 
the General Dyestuff Corporation—American repre- 
sentative of the German dye trust—expends much more 
direct sales effort than the individual German com- 
panies did before the war. This policy of direct selling 
is a perfectly natural outcome of the consolidation of 
the smaller firms into the I. G. Corporation. Concen- 
tration of chemical production is as effective as ex- 
pansion of chemical consumption in widening the 
market for the individual chemical manufacturer. 
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THE SUN SET TWICE FOR HIM THAT DAY 


J. A. C. CHARLES 
1746-1823 


“All those who knew him take pleas- 


ure in speaking of his talents, his 


noble, amiable, and generous char- 
acter.” —FOURIER 


HORTLY BEFORE TWO 
O’CLOCK ON DECEMBER 

1, 1783, THERE ROSE FROM 
THE TUILERIES GARDENS, 
PARIS, THE FIRST PASSEN- 
GER-CARRYING HYDROGEN 
BALLOON—A “TRULY SCIEN- 
TIFIC CREATION, WHICH AD- 
VANCED AEROSTATION 
FROM TOTTERING INFANCY 
ALMOST TO FULL PRIME.” 
ON THIS FIRST SCIENTIFIC 
AERIAL VOYAGE IN HIS- 
TORY, THE INVENTOR OF 
THE CRAFT, CHARLES (WHO, 
IN 1787, WAS TO ANTICIPATE 
GAY-LUSSAC’S LAW OF EQUAL 
THERMAL EXPANSION OF 
GASES), WITNESSED A DOU- 
BLE SUNSET. “IT MUST 
HAVE BEEN A SUN _ SUR- 


- 
me ae *. ¥ bx 
Cpe 


THE ASCENT OF _ 
CHARLES AND ROBERT, 
DeceMBER I, 1783 


“Ad most beautiful spectaclel””— 
B, FRANKLIN 
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-Lussac’s account of 


J. L. GAY-LUSSAC 
1778-1850 


“An excellent citizen, an honest 
man in every event of his life, an 
ingenious physicist, and a peerless 
chemist.” —ARAGO 


PRISED THAT MAN HAD 
DONE SO WELL.” 


N SEPTEMBER 16, 1804, 
IN A BALLOON ASCENT 
FROM THE GARDEN OF THE 
CONSERVATOIRE DES ARTS, 
PARIS, UNDERTAKEN 
“SOLELY FOR OBJECTS OF 
SCIENCE,” GAY-LUSSAC AT- 
TAINED THE TREMENDOUS 
ALTITUDE OF MORE THAN 
4.3 MILES—‘‘1600 FEET 
HIGHER THAN THE SUMMIT 
OF THE ANDES, MORE ELE- 
VATED THAN THE LOFTIEST 
PINNACLE OF OUR GLOBE 
AND FAR ABOVE THE 
HEIGHT TO WHICH ANY 
MORTAL HAD EVER 
SOARED.” 
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ACIDS, BASES, and SALTS’ 


MARTIN KILPATRICK 


The University of Pennsylvania, Philadelphia, Pennsylvania 


HE purpose of this paper is to review the teach- 
ing of the ideas of acids, bases, and salts; to note 
that the common definitions are often illogical 
and hazy; and to see what part of the definitions should 
be retained and what discarded so that our teaching 
will provide the necessary background for a logical ap- 
proach to the modern ideas of acids and bases (1). 
Our purpose is to achieve definitions such that the 
student will not have to unlearn and discard, later on, 
the ideas which have been well taught and firmly fixed 
in his mind in his first course in chemistry. 
Let us review the common definitions. First, what is 
an acid? 
(1) A substance which tastes sour and in aqueous solution 
colors litmus red. 
(2) A hydrogen compound which can split off hydrogen ions. 


In the teaching of the Arrhenius theory the emphasis 
has been on aqueous solution, and the question arises 
as to whether the substance is an acid before it sepa- 
rates into ions. For example, would one consider the 
ion HPO,* an acid except in so far as it gives hydrogen 
ions to the solution? Taking a case in non-aqueous 
solution, would one consider acetic acid an acid when 
dissolved in heptane? 

Another requirement for an acid is that it should com- 
bine with metal hydroxides to form a salt and water. 
As Brénsted (2) points out, until now we have been 
more concerned about what substances are acids 
than we have with the question of what is an acid. 

What is a base? 


(1) A substance which in aqueous solution turns litmus blue. 
(2) A substance which gives hydroxyl ions in aqueous solu- 
tion. 


In organic chemistry, however, one learns that the 
amines are bases, and again we encounter the require- 
ment that a base should form a salt with an acid; 
aniline, for example, forms aniline hydrochloride. 
But in general the hydroxyl ion has been thought of as 
the carrier of basic properties. For example, am- 
monia itself has not customarily been considered a base, 
but the ammonium hydroxide formed by its reaction 
with water has been considered a base. Yet ammonia 
reacts directly with hydrogen chloride to form the salt 
ammonium chloride. 
What is a salt? 


(1) Salts are substances formed upon neutralization of acids 


* Presented before the Division of Chemical Education sym- 
posium on ‘‘Modernizing the Course in General Chemistry,” at the 
Cleveland meeting of the American Chemical iety, September 
12, 1934. 


with bases. Their formulas may be derived by replacing the 
hydrogen of the acid by a metal. 

(2) To be regarded as a salt, the product of neutralization of 
an acid with a base must be ionized. 


This second specification appeared after the coming 
of the theory of ionization. It serves to distinguish 
between esters and compounds like Hg(CN)2, HgCh, 
etc., and those whose solutions are good conductors of 
the electric current. The acid or basic reaction of 
salts of weak acids or bases has been explained on the 
basis of hydrolysis. 

We see that the nature of acidity (or basicity) is not 
always clear, and consequently we must attempt to 
analyze the situation and discard what is illogical and 
ambiguous. The real stumbling block is the require- 
ment that an acid should combine with a metal hy- 
droxide to form a salt and water. Let us discard this. 
Let us also examine critically the equation commonly 
written to express the dissociation of an acid in water, 
for hydrogen chloride, for example, 


HCl = B® -- Cr. 


The same equation is written for the dissociation of 
hydrogen chloride in alcohol. Yet neither in water nor 
in ethyl alcohol do we have any protons to speak of, 
but rather H;0+ and C,H;OH2* (3). We should there- 
fore write 


HCl + H.0 = H,O* + Cl- 
HCl + C:H;OH = C:H;OH2* + Cl-. 


Now let us go over our definitions and see if we can 
logically put together what we have taught in the past. 
Our second definition of an acid was a hydrogen com- 
pound that can split off hydrogenions. But remembering 
that the hydrogen ion as we used to write it is really a 
proton, let us make the formal definition a hydrogen 
compound that can split off protons. Let us make a list 
of such substances. This is done in the following equa- 
tions. 

Acid = Base + Proton 
Uncharged Acids 

Hci = Ci- + H* 

CH;COOH = CH;COO- + H* 

H.0 = OH- + Ht 

C.H,OH = CsH;O- + Ht 

HsPO, = HePQy~ + Ht 
What about the ion H:POQ,—? It also can give off a 
proton, as can HPO,-. The following equations in- 
volve these negatively charged acids. Many more 
examples will immediately occur to the reader. 
Anion Acids 


H,PO,- = HPO,” + Ht 
Br — FOP -- H* 


109 





110 
Can we have positively charged acids? Let us ex- 
amine a few more equations. 


Acid = Base + Proton 


Cation Acids 
NH,+t = NH; + Ht 
CsH;NH;*+ —CsH;NH:2 + H* 
[Cu(H20),]**+ — [Cu(H.0);(OH)]+ + Ht 
[Fe(H.O).]*+** = — + Ht 
H;0+ = H,O + 


In the last equation there appears the acid H;O*, 
which is the hydrogen ion in aqueous solution. It is 
only one of many acids. 

What about bases? Is there anything unique about 
the hydroxyl ion? Let us examine the right-hand 
members of the preceding equations. Now let us 
define a base as a substance which can take up protons; 
if we do so, we see that these substances formed by the 
abstraction of a proton from an acid can all be called 
bases. In other words an acid is defined formally by 
the equation, 


A=B + H,* 


where A is an acid irrespective of charge, B is a base 
irrespective of charge (the charge of B is of necessity 
equal to that of A minus one), and H* is a proton. 
This equation furnishes, as Bronsted (4) has shown, a 
general basis for the consideration of acids and bases 
in aqueous and non-aqueous solution. 

Now let us see what happens when hydrogen chloride 
is dissolved in water. The hydrogen chloride gives up 
its proton to the water to form hydroxonium ion and 
chloride ion. Since hydrogen chloride has a great 
tendency to give up its proton, the reaction proceeds far 
to the right, as indicated below. 


Acid I + Base2 = Acid 2 + Base] 
xa+H,0 = H,0* + C/- 

CH,COOH+ H,O == H,0~* + CH,Coo- 
HCI + C;H;OH C,H;0H," +C/- 
wa+ NH, NH,” + C/- 


ened 
~——— 
ta 
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Conversely, the base Cl~ does not have any appreciable 
tendency in aqueous solution to acquire a proton. So 
the chloride ion is a very weak base, while hydrogen 
chloride is a very strong acid. In the case of strong 
acids like hydrogen chloride in aqueous solution the 
reaction goes so far to the right that the molecular acid 
practically disappears. Now take the case of acetic 
acid. Here we are dealing with a weak acid and conse- 
quently we have many acetic acid molecules left at 
equilibrium. The third equation represents the double 
acid-base reaction of hydrogen chloride in ethy] alcohol, 
and the fourth equation that of hydrogen chloride in 
liquid ammonia. 

Going back to aqueous solution, let us see what 
happens when ammonium chloride dissolves in water. 
We have: 
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Ai By Ae B; 
NH,+t + Cl- + H,O = H;0* + NH; + Cl-. 


The hydrolysis of ammonium chloride is thus explained 
as a double acid-base equilibrium. 
For ferric perchlorate in water we have: 


+ Sn H+ + 
[Fe(OH) (H2O)s]++ + 3 ClO,-. 


A 
[Fe(H20)6]+** + 3Cl0O.- 


The dissociation constant of the acid [Fe(H2O).]+++ 
has been measured (5) and found to be about the same 
as that of monochloracetic acid. 

For the case of sodium acetate in water we have: 


Bi Az Bz Ai 
Nat + CH;COO- + H.O = OH~ + CH;COOH + Nat. 


These three equations illustrate the amphoteric char- 
acter of water. It is a base with conjugate acid H;0+, 
and an acid with conjugate base OH~. 

As is evident from the new definitions of an acid and a 
base, the salt-building property is no longer an impor- 
tant one in defining an acid or a base. A salt can be 
defined as a system built from oppositely charged ions 
which do not neutralize each other. In aqueous solu- 
tion the salt would be a good conductor and in the 
solid state it would form a crystal lattice.* Bjerrum 
(6) in a review of the subject of acids, bases, and salts, 
introduces the new term acidate which includes salts as 
defined above, so that a neutral acid and a base react to 
form an acidate and water. 

The introduction of the new idea of acids makes no 
change in the quantitative treatment of the titration 
of acids and bases in aqueous solution, but it has led to 
advances in titration in non-aqueous solution. It is 
now realized that the proton exchange is the important 
step in acid-base titration and that titrations can be 
made quantitative even in inert solvents like benzene. 
In the field of homogeneous catalysis (7) the new ideas 
have led to new and significant results. They have also 
led to new results in the problem of the reaction of 
metals with acids (8). Just as the phenomenon of 
oxidation and reduction involves a study of the exchange 
of an electron, the study of acidity involves another 
fundamental building stone—the proton. The two are 
related by the analogous equations: 


Acid = Base + Proton 


Reductant = Oxidant + Electron, 


and by the equation: 
Hydrogen Atom = Proton + Electron. 

*In accordance with this definition hydrogen chloride in 
aqueous solution would be considered a salt, as would sodium 
hydroxide. In the reaction between sodium hydroxide and 
hydrogen chloride in aqueous solution we have 

Nat + OH~ + H,0O+ + Cl- = Nat + Cl- + 2H:0 


so that the process of neutralization in this sense is not salt- 
forming but salt-destroying (2). 
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DR. JAMES DASCOMB 


ELTON S. COOK 


The Wm. S. Merrell Company, Cincinnati, Ohio 


This paper is less a biography of Dr. James Dascomb, 
the first professor of chemistry in Oberlin College, than a 
sketch of chemical education in a new college in the ‘‘woods 
of Ohio’’ ninety years ago. We see the sort of man who 


pioneered in chemical education, the kind of chemistry he 
taught, and how and under what conditions he taught it. 


++ + + + + 

HILO Stewart and John Shipherd, having prayed 
P together, decided to found, in the wilderness of 
Ohio an educational institution ‘‘for the diffusion 

of useful science, sound morality, and pure religion 
among the growing multitudes of the Mississippi 
Valley.’’ The school was to be called Oberlin Colle- 
giate Institute in honor of the great Alsatian educator. 

To secure lands and money Shipherd rode horseback 
to Connecticut in November, 1832. Messrs. Street 
and Hughes of New Haven, owners of the land, finally 
consented to donate five hundred acres and, in addition, 
sold Shipherd a tract of nine square miles at a dollar an 
acre. 

While in the East, Shipherd met and was much at- 
tracted by a young man named Dascomb. He was 
twenty-six and had graduated in medicine from Dart- 
mouth in 1833, a pupil of the well-known Dr. Mussey. 
Shipherd wrote back to his trustees (1) : 


I recommend that you elect Dr. James Dascomb, of Boscawen, 
N. H., lecturer and professor of chemistry, botany, physical edu- 
cation or anatomy, and natural philosophy. Dr. Dascomb is a 
young physician of promise . . . said . . . to be decidedly the best 
scholar in his class of fifty members. He is highly recommended 
... asa Christian, a physician, and lecturer . . . I think that the 
physician of the colony should be a lecturer in the seminary, be- 
cause we can’t afford a full salary to such a lecturer, or full em- 
ployment toa physician. I propose that we offer him two hun- 
dred and fifty dollars salary. 


The offer was made and Dr. Dascomb accepted; 
and, in accordance with the place of honor given to 
science in the original statement of purpose, Oberlin’s 
first professor was one of science. From the list of 
subjects which Dr. Dascomb was to teach it appears, in 
President Eliot’s phrase, that he was to occupy a 


“settee” rather than a “chair.” Eventually this list 
was pared to chemistry, botany, and physiology, and 
after two years he gave up his duties as physician to 
the colony. 

Oberlin opened in the winter of 1833. Manual 
labor was required of the students and it was put to 
good use in clearing the forest and in constructing 
buildings. None the less, it must have been a rather 
discouraging prospect which greeted Professor and Mrs. 
Dascomb when the young couple arrived in May, 1834. 
We read of the journey to Oberlin in one of Mrs. Das- 
comb’s delightful letters (2): 

Next morn at 5 we took stage for Elyria, wh. is 10 miles from 
Oberlin. Road very bad—from ruts & mud—we were in con- 
stant danger of overturning. Once when we came to a ditch in 
the road, the gent. got out & took down the fence so that we 
cd. turn aside into the adjoining field & ride around the obstacle. 
At Elyria we dined & obtained a 2 horse wagon to transport us 
(& 2 gent. from N. Eng. going to the Institute as students) 
to our journey’s end. Found the wagon a very comfortable 
conveyance, & was in no fear of being turned out into the mud, 
for the driver assured us it cd. not turn over.... Glad were we 
when an opening in the forest dawned upon us, & Oberlin was 
seen. That, said the driver, is ‘the City.” We rode through 
its principal street, now and then coming in contact with a 
stump, till we were set down—not at the Coffee House, or Tea 
House but the Boarding House. 

Dr. Dascomb spent his first‘ year in Oberlin Hall, 
built by student labor and ‘‘the most universally oc- 
cupied place in town. For almost two years it served 
as recitation hall, dormitories, college offices, college 
chapel, community church, boarding house, and 
kitchen” (3). Dascomb did little teaching during this 
first year and that more in the way of practice for him- 
self. He devoted several months to study in Silliman’s 
laboratory at Yale. . 

Teaching began in earnest in 1835 when Dr. Dascomb 
moved to his first laboratory, a remodeled carpenter 
shop. The shop had two lecture rooms, the one oc- 
cupied by Dascomb and the other by Dr. Finney: and 
his students of theology. 

In 1838 Dascomb was given a brick building for his 
sole use; this was the ‘‘Old Laboratory” and housed the 
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chemistry department until 1878, when Dascomb re- 
signed. It was a one-story building, measuring 30 X 
50 feet and contained a lecture room with raised seats 
and a lecture table lighted by a skylight. 

Dascomb was by nature well fitted to establish a 
tradition of sound scientific instruction in the new 
college. ‘In temperament,” writes President Fair- 
child (4), “‘he was naturally cautious and conservative. 
Novelties had no attraction for him, and no enthusiasm 
ever took him off his feet. The truth was what he 
wanted, and nothing else had any value in his eyes.” 


Dr. JAMES DascoMB 
From an oil painting in the possession of Oberlin College. 


He was characterized by a conscientious thorough- 
ness which is well exemplified by his attitude toward 
radicalisms which swept early Oberlin. Oberlin was 
prey to many new ideas: Grahamism, vegetarianism, 
spiritualism, perfectionism. Although these novelties 
were foreign to his temperament, we find Dr. Dascomb 
patiently testing them. Thus, of vegetarianism, we 
have the following account (5): 


Dr. Dascomb offered me a room in the laboratory, and a seat 
at his table, to make, with him and his family a test of vegetable 
diet. We had no meat, salt, pepper, grease or cream or any 
condiment seasoning. We kept it up honestly for sixteen weeks. 
When green peas came on, boiled in filtered rain water only, the 
doctor said they tasted “‘a little flashy!” . . (One) evening I 
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was invited out to a turkey supper and gave up “pure vegetable 
diet.”” Soon the doctor gave it up too. 


Dr. Dascomb also investigated spiritualism and we 
read (6), ‘‘it is not recorded that anything was revealed 
at these séances for which he failed to account, and his 
business-like challenging of the spirits soon dissipated 
all mystery.” 

The doctor was not without a sense of humor. We 
are told that among his tribulations was the theft by 
students of grapes from a choice vine over the Labora- 
tory window. He effectively halted the crime wave by 
putting phosphorus in the eye sockets of the college 
skeleton and placing it behind the window. 

An estimate of Dascomb’s teaching is given by one of 
his pupils, the distinguished glacial authority, G. F. 
Wright (7): 


His teaching was not after the minute laboratory method of the 
present time. The experiments were all made by the teacher 
in the presence of the pupils, and the explanations were suf- 
ficiently lucid to fix the facts in our minds. If we wished to 
specialize, as comparatively few did, the teaching we had under 
him was a good foundation from which to start.... Professor 
Dascomb’s teaching was adequate for the purposes of a general 
education. He taught us to be accurate in all our statements and 
investigations, and to avoid all superfluity of words. If he 
asked us to define specific gravity, and we began, “It is where,” 
we were held up at once and told that specific gravity was not 
“where.” If then we began “specific gravity is when,’’ we were 
told that specific gravity was ‘‘neither where nor when. Please 
tell us what itis’’.... His investigations were so accurate and 
thorough that when his conclusions were drawn he adhered to 
them with great tenacity. Among them was that lightning rods 
were a perfect protection to a building if properly put up, which 
of course we supposed his were. But the lightning struck his 
house more than once, I believe, whereupon the doctor simply re- 
marked that he did not care so much for the house, but he did 
hate to have his theory proved untrue. 


The feminine point of view is reflected in the follow- 
ing extract from a letter, the author of which gradu- 
ated in 1859 (8): 


No attempt was made to give the student opportunity for 
personal investigation or experiments. Chemicals were ‘“‘danger- 
ous substances’’—might explode or cause disaster of some kind 
if they were handled carelessly, and had better be left alone. 
Our recitation room was arranged with rising seats in the rear 
for convenience in viewing the experiment, and, from behind a 
mysterious barrier in front of us, the venerable doctor com- 
pounded his chemicals, set off his explosives, and ground out his 
own electricity from a big glass wheel; and after all was done, the 
whole matter remained about as unknown and profoundly 
mysterious as before. Dr. Dascomb, though a charming man 
socially, was very serious in his recitations, and we all stood in 
awe of him. He never indulged in trivialities, and life generally 
took on a serious aspect as soon as we crossed the threshold of the 
old Laboratory. 


The chemistry which Dr. Dascomb taught was simple 
and without frills but ample for the purposes of his 
students. It consisted of a single course in general 
chemistry given in the second terms of the junior and 
senior years. With the exception of two years, no 
textbook was used. Each year in the college catalog 
we find simply, ‘‘Chemistry, Lectures.” The catalogs 
for the years 1851 and 1852 alone contain the words, 
“Chemistry, Graham.’’ Evidently Graham’s “Ele- 
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ments of Chemistry’’ was being given a trial. As we 
have seen from Professor Wright’s account, all experi- 
ments were performed by Dr. Dascomb. Laboratory 
instruction was not introduced into Oberlin until 1878, 
when Professor Kedzie succeeded Dascomb. 

We may obtain a knowledge of the content of Das- 
comb’s lectures from two sets of student notes pre- 
served in the Oberlin College Library. The first set 
is that of Amasa Westervelt. They cover the years 
1842-1843, and are accompanied by notes on political 
economy and pastoral theology. They are written in 
a youthful hand, in pencil, and contain the misspellings 
and errors which are inevitable in the rapid transcrip- 
tion of unfamiliar words. The other set, that of a 
young woman, Emily Jane Carl, is neatly recopied in 
pen with true feminine care. These notes are for the 
year 1868. In the following pages quotations from 
these notes are identified when necessary by the proper 
date. 

In composing his lectures, Professor Dascomb seems 
to have relied heavily on Turner’s ‘‘Elements of Chemis- 
try,” a text which ran through a number of English and 
American editions.* We see the impress of this book 
most conspicuously in the earlier notes where one ref- 
erence is made to Turner and where an occasional 
statement is taken verbatim from him. The content 
and arrangement of the lectures follow Turner but 
Dascomb devotes somewhat more space to the theories 
of chemistry, over a quarter of the discourses dealing 
with this aspect of the science. 

First we have a treatment of the chemical forces: 
heat, light, electricity, and chemical affinity, although 
in the earlier lectures we find that “Electricity and 
Light belong to Philosophy—heat or caloric belong to 
Chemistry.’”’ We read further, “Caloric on the sup- 
position that it is a material is a subtle imponderable 
fluid. The particles of the fluid are self repellent.”’ 
In 1868 credence is given to the vibratory theory of 
heat. A general and rather comprehensive treatment 
of heat phenomena follows. In the discussion of the 
expansion of water on freezing we are told, ‘No ex- 
planation of the immediate cause of the phenomenon 
has yet been discovered and no reason except that it 
was necessary for the well being of God’s creatures.” 
(1868.) 

In the 1843 notes the surprising statement occurs: 
“The specific heat differs according to the size of the 
body.”” This is presumably the note-taker’s errone- 
ous transcription of the sentence in Turner (p. 48): 
“The specific heat of a body varies with its form,” 
which refers to the variation of the specific heat of a 
substance upon its change from the solid to the liquid 
state. Quantity of heat and temperature are care- 
fully distinguished. 

In the earlier notes the two theories of light are 
stated, but in 1868 we find only, “Light is a subtle 


vibratory motion emanating from the sun.” 
‘ 

*The author’s copy is: TURNER, Epwarp, “Elements of 
chemistry,’ 4th American from the 3rd London edition, Phila- 
delphia, 1832. References are to this edition. 
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Dr. Dascomb seems to have been particularly in- 
terested in electricity. In the earlier lectures he men- 
tions only Franklin’s Theory. He discusses galvanism, 
which “‘is very similar to electricity.’”’ He offers two 
theories of galvanism: “‘Voltey (sic) supposed that the 
electricity was only conducted by the contact of metals. 
Another} thought not. Sir Humphry Davy combined 
them both—Turner thinks the electricity is produced 
by chymical action.” The interesting statement oc- 
curs, “The brain is a voltaic pile and the nerves the 
wires.”’ 








THE OLp LABORATORY 


The 1868 lectures contain excellent summaries of the 
prevailing electrical hypotheses: 


Electricity is the force evolved by rubbing two bodies together. 
It may also be excited by chemical action. There are two 
theories of electricity. The first was proposed by Dr. Franklin. 
It supposes that there is a simple, subtle, and highly elastic fluid, 
that pervades all matter. 

It is self repellent, but attracts the ultimate particles of all 
matter. In the natural state this fluid is uniformly distributed 
over all bodies, and its increase or diminution produces electrical 
excitement. When a body has more than its natural quantity it 
is overcharged, when less, undercharged, and therefore they at- 
tract each other. 


The second hypothesis was proposed by Du Fay, who assumes 
that electrical phenomena are due to two highly elastic and 
imponderable fluids, the particles of which are self repellent, but 
attractive to each other. These;fluids exist in all bodies, com- 
bined and neutralized, and friction separates them. Franklin 
calls these states positive and negative. Du Fay styles the fluids 
vitreous and resinous. 

[Of the battery:] The plates must be of two metals very 
unlike in their affinity for a certain element with which it is to 
unite. Zinc and copper brought together gives zinc a greater 
affinity for oxygen, and diminishes the affinity of copper for 
oxygen. 

An electrolyte is a body capable of separation by electricity. 

The electro chemical theory supposes that all elements are 
either electro-positive or electro-negative, and that they are 
combined by electric force, and so attract each other, become 
combined, and are held by the same force. 


Interesting material occurs in the discussion of chemi- 
cal affinity. Distinction is carefully made between 
cohesion and affinity. After examples of simple affin- 





+ This is a reference to the chemical theory of Wollaston, 
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ity and of single and double elective affinity, we are 
introduced, in the older lectures, to the three types of 
chemical combination, omitted in 1868: 

(1) Some bodies combine in all proportions, e. g., acid and 
water. (2) Some bodies combine in all proportions until you 
come to a certain point as salt and water—the point is called the 
point of saturation. (3) The chemical union is not energetic— 
sugar and water—both classes keep their own properties. 


Then come statements of the laws of definite and 
multiple proportions, but of the latter we learn ‘‘there 
are some exceptions,”’ the sesqui-oxide of iron being one. 

In a brief treatment of the ultimate composition of 
matter we read: ‘There are two theories of matter, the 
first. . .that matter is infinitely divisible. Second, that 
the ultimate molecules or atoms are indivisible. All 
matter is made up of atoms which are of the same size 
and weight in the same bodies.’”’ (1868.) 

After cursory notes on nomenclature and symbols, 
Dascomb proceeds to descriptive chemistry. He di- 
vides the elements into non-metals and metals, first 
considering the gases. These lectures are generally 
good, comprehensive, and orthodox and we note only 
an occasional statement. 

Of oxygen: ‘“‘When this element combines with an- 
other it forms an oxyde or an acid. If it combines 
slowly it is an oxyde, and in the combining process 
light and heat are not sensibly evolved. When they 
combine rapidly, with light and heat, the product is an 
acid.”’ 

The bleaching action of chlorine has an explanation, 
for ‘‘the strong affinity that chlorine has for hydrogen 
seizes upon the hydrogen of the coloring matter.’’ 

The doctor’s medical interests are evident in the 
long discussion of the toxicology and tests for arsenic. 
The trioxide ‘‘is often used maliciously to destroy life.’ 

Appended to the section on metals in the earlier lec- 
tures is a section on salts which are divided into oxy- 
and sulfur salts. 

This is followed by several lectures on organic chem- 
istry of which the key sentence is, ‘““No organic body 
can be formed by any chemical process.’’ Organic 
compounds are divided into three classes: (1) vegetable 
acids; (2) vegetable alkalies (alkaloids); (3) neutral 
compounds, a miscellaneous lot including sugar, starch, 
vegetable oils, soap, gum, lignin, vegetable albumin, 
volatile oils, waxes, rubber, and petroleum. 

The final discussions are devoted to fermentation 
and liquors. ‘“This term (fermentation) is applied to 
all substances when they decompose spontaneously. . . 
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Water is always necessary.’ For vinous fermentation, 
sugar, water, yeast, and proper temperature are essen- 
tial. 

In the 1868 lectures the treatment of organic chem- 
istry is much briefer and occurs during the discussion 
of carbon. 

No formulas or equations are given in the early lec- 
tures. They are employed plentifully in those of 1868. 
The formulas are, of course, dualistic and written in the 
equivalent form, using the values O'= 8, C = 6, ete. 
Dascomb states that ‘‘the atomic weight must signify 
the same as the combining proportion or equivalent.’’ 
As a matter of interest we may quote Dascomb’s most 
complicated equation, that for the reaction of sodium 
sulfate, calcium carbonate, and carbon to form sodium 
carbonate: 


2(NaO-SO;) + 9C + 3(CaO-CO,) = 2(NaO-CO,) + 2 CaS.CaO 
+ 10CO 


Throughout the lectures Dr. Dascomb’s practical 
temperament asserts itself in the numerous references 
to commercial applications. 

Dr. Dascomb’s industrious nature was uncomfort- 
able during the long winter vacations and he further 
served mid-western chemical education by lectures 
away from Oberlin during these periods. For three 
winters, without compensation, he gave courses of lec- 
tures in Ohio Agricultural College at Cleveland. He 
lectured for four winters at Hillsdale College, and for 
ten years he held the chair of chemistry and toxicology 
at Charity Hospital Medical College in Cleveland. 

Dascomb was primarily a teacher and not an investi- 
gator and we have little from him in the way of publi- 
cations. He delivered numerous public addresses and 
in the Oberlin College Library there is preserved a 
printed copy of an address entitled ‘‘An Inquiry into 
the Principles and Practice of Homeopathy” (9). His 
clear reasoning and his scholarship, aided by a fine sense 
of humor, build an overwhelming case against the 
homeopathists. 

Dr. Dascomb resigned his professorship in 1878. 
He died in 1880 at the age of seventy-two. He had 
served as professor of chemistry at Oberlin for forty- 
four years uninterrupted by a single sabbatical year. 
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This paper is a review of some of the ideas developed 
in the last twenty years in the field of reaction rates and 
reaction mechanisms, with particular regard to homoge- 
neous gas reactions. The extension of these ideas to reac- 
tions in heterogeneous systems is indicated. 


HE combination of gaseous hydrogen and oxygen 
fe very slow near room temperature despite the 

negative free energy change of some 56,500 calo- 
ries per mol of water formed. In contrast, mixed nitric 
oxide and oxygen react rapidly near room temperature 
with a negative free energy change of only about 9000 
calories per mol of nitrogen dioxide formed. Such 
facts made it increasingly clear some twenty years ago 
that the ordinances of thermodynamics are permissive, 
not mandatory, that they have nothing to do with the 
rate at which substances react, and that explanations of 
such phenomena as the above must be sought in some 
entirely different field. 

Experimental studies of reaction rates had been 
made mainly on solutions, but since no valid theoreti- 
cal treatment could be given, the few conclusions 
reached were mostly wrong. It was not until atten- 
tion was directed to homogeneous gas reactions where 
statistical mechanics could be used in the interpreta- 
tion, and until thermodynamic methods were aban- 
doned, that much progress was made. Reactions in 
solution are handled even now by a more or less quali- 
tative application of the ideas developed for homogene- 
ous gas reactions. 

Reaction rate measurements can often be expressed 
as 

rate (of, e. g., disappearance of A) = k(A)2 (B)?... 


over certain ranges of temperature and concentration, 
where (A) and (B) are concentrations of reactants, and 
a and Dd are positive integers. The order of such a re- 
action is defined to be the sum of the exponents, a + b + 

Thus from 900° to 1100°K. with nitric oxide pres- 
sures greater than 40 centimeters of mercury, the rate 
of the reaction 2NO + 2H, —> Ne + 2H20 is 

rate (of disappearance of NO) = k(NO)?(Hp) 


and the reaction, under these conditions, is third order. 

From measurements of the order under different con- 
ditions, and from other data, the mechanism is in- 
ferred. It is generally possible to advance several 
mechanisms leading to the experimental rate expres- 
sion. Two mechanisms consistent with the facts of 
the last paragraph are 1, 





* Presented at the Cleveland meeting of the American Chemi- 
cal Society before the Division of Chemical Education as part of 
the symposium on ‘‘Modernizing the Course in General Chemis- 
try,’”’ September 13, 1934. 

{ National Research Fellow. 
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2NO + H. —> Na + HO» (slow) 

H.O2 + He —_ 2H,0 (fast) 
and 2, 

2NO + H: —> N.0 + H:0 (slow) 

N2O + H,—> No + H,0 (fast) 
The order is assumed to be determined by a mechan- 
ism, but it must not be supposed that the existence of a 
third order reaction implies even so much as a trimo- 
lecular mechanism. The mechanism is always hypo- 
thetical, whereas the order, when it exists at all, is an 
experimental fact. 


ACTIVATION ENERGY AND REACTION RATE 


The number of collisions per second in a given volume 
of different gases at the same temperature and pressure 
is nearly the same for all gases, for all molecules are 
about the same size. Moreover, the number of col- 
lisions per second rises but slowly with temperature. 
In Figure 1, the ratio of the number of collisions at 
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FIGURE 1 








temperature J to the number at 25°C. is plotted against 
the temperature. The number of collisions evidently 
increases less than 2% for a 10° temperature rise. 

However, different chemical reactions under the 
same conditions have rates differing by many powers 
of ten, and the rates generally double or'triple with a 
10° temperature rise. The accepted explanation is 
that not all collisions are effective for reaction, that the 
molecules, in order to react, must be in a particularly 
favorable state characterized by extra energy. 

It is assumed that bimolecular collisions are an essen- 
tial step in chemical reactions, and we shall consider 
the case where reaction takes place at such collisions. 
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Now the simplest hypothesis would be that reaction 
occurred at every collision of sufficient violence. In 
Figure 2, the number of collisions per second whose 
relative kinetic energy along the line of centers* ex- 
ceeds a certain value is plotted against that value of the 
energy. The theory says that only that small fraction 
of the total number of collisions in which convertible 
energy greater than some critical value is available 
will be effective in producing chemical reaction. As 
the temperature rises, the curve shifts to the right and, 
because of the shape of the curve, the number of col- 
lisions with convertible energy exceeding the critical 
value increases rapidly. Thus if the critical value were 
23,500 calories per mol, the number of effective colli- 
sions would be about 3.5 times as great at 35°C. as at 
25°C. Very rapid reactions where nearly all the col- 
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lisions are effective anyway have small or zero tempera- 
ture coefficients. 

This idea can be formulated quantitatively as 
reaction rate = (number of collisions per second) X e~2/87 XK P 


where e~” ‘”” is the fraction, calculated from statistical 


mechanics, of all the collisions which involve conver- 
tible kinetic energy in excess of FE. E is the difference 
between the average kinetic energy of the molecules 
which react and the average kinetic energy of all the 
molecules. It is the energy which the average mole- 
cule acquires before reaction and is called the energy 
of activation. /P is a factor put in to make the calcu- 
lated number of effective collisions per second equal 
the observed rate of reaction. Since there are some- 
times restrictions on the orientation of the molecules 
" if collisions are to be effective, and since such restrictions 
introduce a factor into the equation, P is usually called 
the orientation factor. 

Logarithmic differentiation of the. above equation 
gives 

a log rate/ dT = E/RT?, 





* This is the energy available for conversion to other forms. 
For definiteness, and to give some idea of the actual numbers 
involved, the numerical values were calculated for collisions per 
cubic centimeter of gas, between oxygen and nitrogen, each at a 
partial pressure of 0.1 atmosphere at 25°C. 
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a relation obtained semi-empirically by Arrhenius. 
Since it is almost always easier to measure the relative 
rates of reaction at different temperatures than to 
measure the absolute rate at even one temperature, the 
energy of activation is usually calculated from this 
“Arrhenius equation.” 

A more complicated hypothesis would be that the 
energy of activation must be present as internal energy 
of the colliding molecules, that is, that the molecules, 
in order to react at a given collision, must have been 
activated at the preceding one. With the assumption 
that every collision involving activated molecules leads 
to reaction, the rate determined by this hypothesis is 
given closely enough by the expression used above. 
If only a certain fraction of the activated molecules 
react on collision, the remainder merely losing their - 
energy of activation, then this fraction would appear in 
the factor P and the name “orientation factor’ would 
no longer be appropriate. 

The change of rate with temperature in this hypothe- 
sis is determined mainly by the rate of production of 
activated molecules, that is, by the number of suffi- 
ciently violent collisions, just as in the simple hypothe- 
sis. Mathematically, the expression for the tempera- 
ture coefficient is the same because all the factors in 
front of the exponential, provided only that they are 
independent of temperature or nearly so,f cancel out in 
taking the logarithmic differential. This is, of course, 
the reason for taking it. 

Whether P is due to an orientation condition or not, 
the facts that it is often unity within the experimental 
error, and is always small compared to the exponential, 
indicate that the energy of activation is the most im- 
portant factor in determining the reaction rate. 

The experimental information is not sufficient to dis- 
tinguish with certainty among these theories and their 
various modifications. It seems likely that all the 
forms of energy are involved in the reaction, and a com- 
bination of the theories should be used. This leads to 
formulas similar to those derived on the assumption of 
distribution of internal energy among many bonds.t 

The theory of activation energy sketched here has 
been carried to further approximations in several di- 
rections. These elaborated theories are of interest to 
workers in this field, but since they merely increase the 
numerical agreement with the data, without introduc- 
ing any new, fundamental ideas, they need not be re- 
viewed here. 


THE PHYSICAL PICTURE OF ACTIVATION 


While in general the step in which activation takes 
place cannot be experimentally distinguished from that 
in which reaction occurs, the two steps can be distin- 
guished if one of them does not involve a collision. 
Unimolecular reactions and photochemical reactions 





} If the energy of activation is distributed among many bonds 
within a complicated molecule, a function of the temperature 
does appear other than in the exponential. This distribution of 
internal energy is important in unimolecular reactions, of which 
more later, and in some bimolecular reactions studied over a wide 
range of conditions. 
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are of this type. In the former, the molecules are acti- 
vated in a bimolecular collision and subsequently react 
by themselves, while in the latter, molecules are acti- 
. vated by themselves (by absorbing radiation) and sub- 
sequently react in collisions. The physical picture of 
activation and its results can perhaps be most clearly 
seen by considering specific reactions. 
Azomethane decomposes unimolecularly at about 
300°C. according to the equation: 


CH;—N;—CH; —_ CH;—CH; ae Ne 


We shall consider the mechanism at low pressures. 
The molecules in the gas are continually colliding with 
one another. Occasionally some molecule, during 
collision, acquires considerably more than the usual 
internal vibrational energy, that is, it becomes an acti- 
vated molecule. As this energy is passed around among 
the bonds as the molecule vibrates in different modes, 
enough energy may become concentrated in a weak 
bond to break it and so decompose the molecule. There 
are, then, two separate events, (1) the activating col- 
lision in which the molecule acquired extra energy, 
and (2) the reaction in which the molecule decomposed. 

We can discuss the reaction in somewhat greater de- 
tail. The bond energy of the nitrogen-nitrogen bond 
is about 98,000 calories, that of the carbon-nitrogen 
bond, about 2/3; as much (66,000 calories). The carbon- 
nitrogen bonds would be expected to be distorted more 
than the nitrogen-nitrogen bond during vibration. 
If, in the activated molecule, the carbon-nitrogen bonds 
are sufficiently weakened and so distorted as to bring 
the two carbon atoms near each other, the tendency to 
form carbon-carbon bonds, negligible while the atoms 
were separated by the azo group, and the tendency of 
nitrogen to form Nz may become effective. The bond 
energy of the new carbon-carbon bond is about 83,000 
calories and the nitrogen-nitrogen triple bond is about 
112,000 calories stronger than the double bond. The 
reaction is thus finally exothermic by some 63,000 calo- 
ries. Nevertheless, the energy of activation, 52,000 
calories, had to be put in to weaken the existent bonds 
and distort the molecule enough for reaction. 

As a second illustration, we take the photochemical 
decomposition of hydrogen iodide. Light in the region 
2070-2820 A. is absorbed by the gas. This corresponds 
in energy to 137,000—101,000 calories per mol. Only 
about 70,000 calories is required to dissociate hydrogen 
iodide, so as might be expected* the vibration is so 
violent that the molecule immediately breaks in two. 

This is in a sense a limiting case of activation. Or- 
dinarily the bonds are merely weakened by stretching— 
here they are actually broken. Energies of activation 
are usually in the range 20,000—60,000 calories, not 
for any very profound reason, but because reactions 
with activation energies outside this range are either 
too fast or too slow to measure by ordinary methods. 
Such energies are not sufficient to dissociate most mole- 





* Molecules may have more than enough energy to decompose 
and yet not decompose, but go to an excited electronic state. 
Hydrogen iodide does not, however, do so, at least in this in- 
stance. 
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cules, hence activation in thermal reactions merely 
makes the molecule vibrate violently. The halogens, 
with energies of dissociation of only 57,000 calories per 
mol for chlorine, 45,200 for bromine, and 35,400 for 
iodine, are exceptions. Hence it is not especially un- 
usual to find halogen atoms taking part in ordinary 
thermal reactions. Light quanta in the ultra-violet 
supply so much energy that many other molecules may 
be dissociated and reactions involving free atoms be- 
come common in photochemistry. 

Returning now to the dissociated hydrogen iodide, the 
hydrogen and iodine atoms are disposed of as follows: 


HI + ty»—> H+I 
H + HI—> H, + I 
I+I— >I, 


The combination of the iodine atoms takes place either , 


on the walls or in three-body collisions. 

A third example will be the thermal decomposition of 
hydrogen iodide at about 400°C. The reaction is 
simply 

2HI —> H; + I; 

The energy of activation is about 44,000 calories. The 
energy of the hydrogen-iodine bond is 70,800 calories, 
that of the hydrogen-hydrogen bond, 102,200 calories, 
and that of the iodine-iodine bond 35,400 calories. 
Here the reaction evidently will be endothermic by 
some 4000 calories. This 4000 calories must be put in 
to balance the energy account whether any energy is 
needed to weaken bonds or not. However, about 5% 
of the collisions would be effective if this were the only 
condition, and the reaction would be half complete in 
0.001 microsecond} under ordinary experimental con- 
ditions. The other 40,000 calories must be put in to 
weaken the existing hydrogen-iodine bonds and also 
to force the hydrogens and the iodines close enough to- 
gether to allow the new bonds to be formed. 


GRAPHICAL REPRESENTATION OF ACTIVATION ENERGY 


Some progress has been made in calculating energies 
of activation. In principle, the following procedure 
would be used. On a sheet of paper of sufficiently 
many dimensions, there are laid out codrdinates giving 
the distances apart of all the different atoms in the 
molecules involved. Each point on this map corre- 
sponds to some configuration bf the atoms, and every 
conceivable configuration is represented by some point. 
The periphery corresponds to infinite, and the origin 
to infinitesimal, separations. The potential energy of 
each configuration is calculated and lines drawn con- 
necting configurations of equal energy. This gives a 
contour map similar to the ordinary topographical 
maps of geography. The valleys are positions of mini- 
mum energy, that is, they correspond to molecules. 
The map including azomethane would show valleys 
corresponding to the existence of Nz with 3H2 and C;; 
of 2NH; with C2; of Ne with ethane; of azomethane 
itself; and so on. Each valley is surrounded by a 
mountain range. Across this mountain range are 
passes at different elevations leading to neighboring 





} One microsecond = one-millionth of a second. 
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valleys. Asa molecule is given more and more energy, 
it rises farther and farther up the sides of its valley 
until it reaches the level of the lowest pass. It then 
crosses the mountain range and descends to the neigh- 
boring valley, becoming a different configuration of 
atoms, a new molecule or molecules. The height of the 
pass above the valley floor is the amount of energy the 
molecule must get to cross the mountain range; it is 
the energy of activation necessary for that particular 
reaction. 

Various other phenomena can be interpreted pictori- 
ally in terms of such a contour map. 

Several passes out of the same valley may have nearly 
the same elevation. Then the diversity of products 
characteristic of many organic reactions would appear. 
Thus the passes leading from the valley toluene plus 
nitric acid at 0°C. to the valleys corresponding to 
ortho, meta, and para-nitrotoluene must be of the same 
order of elevation, the pass to the ortho compound being 
the lowest, that to the para next, and that to the meta 
somewhat higher to give the observed 59% ortho, 37% 
para, and 4% meta-nitrotoluene in the products. 

The thermodynamics of the reactions, the heat of re- 
action, the equilibrium constant, etc., are determined 
by the relative elevations of the valleys, but the direc- 
tion and velocity of reaction are determined by the 
passes connecting those valleys. 

The principal, though by no means the only, func- 
tion of a catalyst appears to be to reduce certain of the 
energies of activation, that is, to lower the height of 
certain of the passes. 

No such program of calculation as that outlined 
above has ever been, or is ever likely to be, carried out. 
For some simple reactions, however, first approxima- 
tions have been made, and while the results are not 
accurate enough to make reliable predictions of the 
rates, they at least give orders of magnitude of the 
rates, and some confidence in the picture. The known 
sources of error are ample to account for the discrep- 
ancy, but corrections involve a prohibitive amount of 
calculation. 


DISCUSSION OF SOME SIMPLE REACTIONS 


Certain of the concepts in reaction kinetics have be- 
come fuzzy in recent years, or perhaps more correctly, 
their inherent haziness has been realized. Reactions 
are ordinarily supposed to occur by bimolecular col- 
lisions—the two molecules collide, the reaction occurs, 
and the resultants separate. A special case of this is 
one where the reaction involves only one of the mole- 
cules, the other merely helping to activate it but taking 
no active part in the reaction. The reaction may take 
place immediately during the collision, or as with vari- 
ous ethers, azo compounds, etc., it may take an appre- 
ciable time. None the less, if the time to the next 


collision is long, that is, if the gas pressure is low, all 
the activated molecules will decompose, the rate will 
depend on the number activated per second, which in 
turn depends on the number of bimolecular collisions, 
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and the reaction will be observed as second order. 
When the pressure is high so that the time between 
collisions is small, then most of the activated molecules 
will return to the normal state, by losing their extra 
energy at the next collision, without reaction and there 
will be an equilibrium concentration of activated mole- 
cules which will be proportional to the total number of 
molecules present. A certain fraction of these hot 
molecules will succeed each second in evading collision 
long enough to decompose. Hence the reaction will be 
observed to be first order. In the intermediate pres- 
sure range, no simple order will be observed. The dis- 
tinction between unimolecular and bimolecular reac- 
tions thus becomes largely one of practical convenience 
only. 

Similarly, the decision as to whether a reaction is to 
be considered as trimolecular or as two bimolecular 
collisions in a short time is rather arbitrary. An ex- 
ample would be 

NO + Ch ==NOCh 

NO + NOCI, —> 2NOCI 
or 

2NO + Cl, —> 2NOCI 
The former objection that the first step of the first re- 
action is of impossible type is invalid as will be seen in 
the next few paragraphs. In view of the zero prob- 
ability of a strictly three-body collision between rigid 
bodies, the two mechanisms are really the same anyway. 
Reactions of higher than third order have for some time 
been attributed to steps of low order taking place suc- 
cessively. 

It has long been argued that such bimolecular asso- 
ciations as 

H + H—> H; 

are negligibly slow under attainable experimental con- 
ditions. If two hydrogen atoms start from positions of 
rest at infinity, and form a molecule, they will have, 
during collision, just enough energy to dissociate the 
molecule and return the atoms to infinity, as a pendu- 
lum, released at position A has on arrival at its maxi- 
mum of swing just enough energy to return to A. It 
then follows from the principle of microscopic reversi- 
bility that the reverse reaction is likewise improbable. 
No exceptions to these rules have been found in thermal 
reactions. There were some who wished to extend 
these rules to bimolecular associations in general, de- 
spite the existence of unimolecular decompositions 
which, with the principle of microscopic reversibility, 
guaranteed the possibility of such associations. 

When the newly formed, unstable molecule has many 
bonds among which the energy of reaction may be dis- 
tributed, the molecule may survive some little time. 
If the pressure is not too low, the unstable molecule 
will collide with some other molecule and lose enough 
energy to stabilize itself before that energy finds its way 
back to the weak bond and breaks it. 

Examples of this type of reaction are the dimeriza- 
tion of butadiene and of isoprene. The energy of acti- 
vation is, e. g., 29,000 calories for the isoprene dimeri- 
zation. ‘The steric factors are high for such reactions, 
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of the order of 1/10,000. This is not particularly sur- 
prising since these molecules have neither the simplicity 
of those in the reaction of sodium with chlorine which 
make the collisions effective regardless of orientation, 
nor the mobility of hydrogen which can skate around 
until it finds a resting place. 

In exothermic reactions of the type 


A+B-—~>C+D 


where A or B is of unsatisfied valence, as a sodium atom 
or a methyl radical, the reaction would be expected to 
have a low heat of activation, therefore to proceed very 
rapidly. The energy of activation is usually needed 
to weaken the bonds, but here, in one of the reactants, 
the bond has, so to speak, been infinitely weakened. 

Such reactions have until recently been beyond the 
reach of direct experimentation, but now by the in- 
genious methods of highly dilute flames developed by 
Polanyi and his co-workers, many such reactions have 
been studied. In the first method, the two reactants, 
say sodium vapor and chlorine, enter at pressures of 
about 0.001 millimeter of mercury at opposite ends of 
a highly evacuated tube. They meet in the middle, 
interpenetrating somewhat before the reaction is com- 
plete, and the solid product is deposited. From meas- 
urements on the distribution of the product, the amount 
of interpenetration, and hence the number of collisions 
before one is effective, can be determined. In the 
second method, a jet, at low pressure, of one reactant 
plays into an atmosphere of the second, and the length 
of the zone of luminescence is measured. 

Reactions of alkali metals with halogens and with 
some other compounds have been studied. The re- 
action with halogens takes place at every collision or 
nearly so. 

Na + Cl —> NaCl + Cl (a) 

Cl + Naz —> NaCl* + Na (d) 

NaCl* + Na —> NaCl + Na* (c) 
Reaction (@) is exothermic by about 40,700 calories. 
In the first method of measurement, the chlorine atoms 
presumably recombine on the walls. In the second 
method, however, with higher pressures of sodium, 
the chlorine atoms react with sodium molecules in the 
gas phase. Reaction (0) would be exothermic by 
78,300 calories if the energy were released, but most of 
it is retained by the newly formed molecule. In re- 
action (c) this energy is, in a subsequent collision, 
transferred to a sodium atom which radiates it as the 
D lines, giving rise to the luminescence mentioned in 
the paragraph above. 

Similar reactions with organic halides show energies 
of activation progressing from nearly zero for the iodides 
to some 25,000 calories for the fluorides. The pro- 
gression probably is due partly to the increased strength 
of the carbon-halogen bond and partly to the smaller 
necessary nuclear approach of the alkali and the halo- 
gen. 

Endothermic reactions of this kind, like 

Br + H;—> HBr + H — 14,500 calories 


seem to have energies of activation little or no greater 
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than the heat of reaction, that is, they take place at 
every collision which furnishes that energy. 

Reactions involving free radicals likewise show high 
specific rates. Less of quantitative nature is known of 
them since they have been studied mostly in connection 
with the cracking of long-chain hydrocarbons where 
the reactions are complicated at best. They are made, 
e. g., by the thermal decomposition of lead tetramethyl 
or tetraethyl. The mean life in ordinary gaseous re- 
action mixtures is about 0.001 second which is long 
enough for them to make about 10,000,000 collisions. 
They are detected by passing the cold gases over a cold 
lead mirror which they remove. It appears that only 
H, CH3, and CH; are stable. If others are formed 
they seem to decompose immediately giving one of 
these and an olefine. 


EFFECT OF FOREIGN SUBSTANCES 


There is usually no effect when foreign gases are 
added to a reaction mixture, but occasionally catalytic 
effects appear. Thus the first order decomposition of 
azomethane is maintained by the presence of ethane at 
such low pressures of azomethane that relatively few 
collisions are taking place between azomethane mole- 
cules, and collisions with ethane seem to be effective in 
activating the reacting molecules. Such simple gases 
as nitrogen, oxygen, etc., have no effect and seem in- 
capable of transferring energy to the internal degrees 
of freedom of the reacting molecule. Similar results 
are found in other reactions. The transfer of energy 
to internal degrees’ of freedom appears to be quite 
specific. 

Iodine catalyzes the decomposition of various ethers 
and aldehydes and here an interesting thing is observed. 
Studies of the reaction kinetics show that, while in the 
uncatalyzed reactions the energy of activation is dis- 
tributed among a number of bonds, in the catalyzed 
reactions only one bond seems to be involved, as though 
the iodine always struck the ether in a particular place 
instead of at random, and moreover, as if the presence 
of the iodine at that position directly weakened the 
existing bond. Instead of a complex, random activa- 
tion, there is a simple, direct, efficient one. The energy 
of activation is reduced from 60,500 calories to 28,500 
calories in the case of isopropyl ether, over 50% reduc- 
tion corresponding to an enormous difference in rate. 

The limiting case of reaction in the presence of added 
gases is reaction in solution. There are very few homo- 
geneous gas reactions which can also be studied in solu- 
tion. When the reaction can be studied in what chem- 
ists would regard as an inert solvent, at least for that 
particular reaction, the reaction has the same order and 
the same speed as in the gas phase. For example, the 
decomposition of nitrogen pentoxide is the same in the 
gas phase and in solution in nitrogen tetroxide, ethyli- 
dene chloride, chloroform, ethylene chloride, carbon 
tetrachloride, and bromine, but it changes markedly 
in nitric acid. Carbon tetrachloride appears to be the 
best example of a “normal’’ solvent, meaning by “nor- 
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mal’ one that does not affect reactions taking place in 
it. The essential regularity of solution reactions is 
somewhat obscured by the fact that substances are 
often not dissolved by what one would expect to be 
normal solvents, and by the commonness of one of the 
most abnormal of solvents, water. 

Sometimes the solvent may be able to activate solute 
molecules, or may react with them to form new com- 
pounds, greatly changing the rate and/or the mechan- 
ism, but such effects are the exception rather than the 
rule. Without compound formation, however, the 
energy of activation may be considerably changed, and 
indeed the whole map of energies violently distorted, 
when the concentration of molecules becomes high. 

In reactions taking place on the surface of a solid 
phase, it now seems necessary to distinguish between 
physical adsorption like the adsorption of acetone on 
dehydrated silica jell, where the adsorption is corre- 
lated with such things as the boiling point of the ad- 
sorbed material, and chemical adsorption like the ad- 
sorption of hydrogen on a nickel catalyst, where the 
adsorption is highly specific and has a temperature co- 
efficient obeying the Arrhenius equation. Both types 
of adsorption may be present simultaneously in a given 
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system. In the latter type, there seems to be forma- 
tion of electron-pair bonds between the atoms of the 
catalyst and those of the adsorbed molecule. This 
stretches and weakens the existent bonds of the mole- 
cule as vibration does in the gas phase reaction. The 
additional energy required to activate the molecule is 
lessened. In the decomposition of nitrous oxide, hy- 
drogen iodide, and ammonia, the energies of activation 
are reduced to about one-half the values for the homo- 
geneous reactions (58,500; 44,000; 80,000). 


SUMMARY 


The more important ideas are: 

(1) equilibrium, determined by thermodynamic quan- 
tities, must be distinguished from rate, determined by 
kinetic quantities; 

(2) the rate depends on the number of collisions of a 
particular kind; 

(3) a collision, to be effective, must involve a cer- 
tain energy of activation, enough to weaken the existing 
bonds, enough to lift the molecule over the energy 
hump separating reactants from resultants; 

(4) the reaction will take place by that mechanism 
having the least energy of activation. 
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RDINARY solid sulfur is not “solid” sulfur at 
all in the sense of being homogeneous, but is 
usually a mixture of at least two modifications, 

the nature of which depends on its previous history. 
Solid sulfur exists in both crystalline and amorphous 
forms; the latter is known as plastic or y sulfur, and 
the two most common crystalline forms are rhombic or 
a sulfur and monoclinic or 6 sulfur. Rhombic sulfur 
is the modification which is stable at ordinary tempera- 
tures, and hence all other forms gradually change over 
to this form. Native sulfur, of which some 36 crystal- 
line varieties have been recognized, is all rhombic 
sulfur. 

Monoclinic or 6 sulfur, which is produced when 
molten sulfur is allowed to crystallize, exists in two 
distinct crystalline forms. At ordinary temperatures 
the usual long needle-like crystals of monoclinic sulfur 
gradually change over to the stable rhombic forms. 
The transition point is 96°C. and the transformation 
is reversible. Rhombic sulfur melts at 112.8°C. while 


monoclinic sulfur melts at 119.25°C. 


Molten sulfur also exists in several different varieties, 
depending primarily upon the temperature. Just above 
the melting point, say 120°C., it is a brownish-yellow, 
transparent liquid known as SA. As the temperature 
is increased the liquid gradually darkens in color; it 
also becomes more fluid until it reaches about 150°C., 
above which temperature it rapidly becomes quite 
viscous. At about 160°C. it is dark red and has the 
consistency of thick sirup. At this point the sulfur 
exists in several forms, Su, SA, Sz, and possibly S¢. 
At 230°C. the color has changed to black and the 
liquid is still very viscous; it is practically all in the 
form of Su. Upon further heating the viscosity slowly 
decreases, but the color remains black and the liquid 
boils at 444.6°C. This boiling point is very constant 
at atmospheric pressure, and is one of the calibration 
points for high-temperature thermometers. All of the 
above-described changes are reversible, and when boil- 
ing sulfur is allowed to cool slowly, it passes through 
the entire series of color and viscosity changes and will 
finally solidify as monoclinic sulfur. 
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Even sulfur vapor is known to exist in several states 
which are dependent upon the temperature and pres- 
sure. 

Although pure or refined sulfur is a bright yellow, 
native sulfur may range from a straw yellow to black, 
depending on the amount of carbonaceous matter 
present. Massive sulfur is the most predominant 
form of native sulfur. Some of the most important 
properties are listed below: 


1 Insoluble in water. 

2 Insoluble in most acids. 

3 Tensile strength approximately 200 pounds per square inch. 

4 Heat conductivity only slightly greater than that of cork— 
1.72-2.0 B.t.u. per square foot per hour per 1°F. per 
inch thickness. 

5 Electrical conductivity about the same as hard rubber. 

6 Melting point depending on conditions, 112.8-119.0°C. 
(235-246°F.). 

7 Ignition temperature—261°C. or 501.8°F. 

8 Boiling point—444.6°C. or 832.3°F. 


As would be expected from its position in the 
periodic table, sulfur unites directly with all elements 
except gold, platinum, and the inert gases. However, 
it is relatively inert and stable at ordinary temperatures. 
Sulfur unites with hydrogen and oxygen, forming 
gaseous hydrogen sulfide and sulfur dioxide, and with 
carbon to form the liquid carbon bisulfide. It reacts 
at ordinary temperatures with all the halogens except 
iodine. Lithium, potassium, sodium, copper, silver, 
and mercury form sulfides at ordinary temperatures, 
while arsenic, phosphorous, antimony, and bismuth re- 
act by simply melting them in sulfur. Magnesium, 
zinc, cadmium, and aluminum will scarcely react at 
ordinary temperatures; tin and lead will combine 
with sulfur at the melting point, but calcium and 
strontium must be heated to 400°C. before they re- 
act. Chromium, tungsten, uranium, iron, cobalt, and 
nickel are comparatively resistant to sulfur. 

Sulfur is slowly oxidized in air at normal tempera- 
tures, forming sulfur dioxide. Most acids do not af- 
fect sulfur, though hydrochloric acid in the presence 
of large quantities of iron will react with it and con- 
centrated sulfuric acid at 200°C. reacts with it to form 
sulfur dioxide. Aqueous solutions of the alkali hy- 
droxides react with sulfur to form pentasulfides and 
thiosulfates. 

Carbon bisulfide and sulfur monochloride are the 
best solvents for sulfur, though the iatter is seldom 
used. Other good solvents are benzene, phenol, di- 
chloro-benzene, turpentine, olive oil, linseed oil, 
toluene, diphenyl methane, bromo-benzene, naph- 
thalene, chlorinated naphthalene, and the chlorinated 
diphenyls. 

Very few people realize that sulfur is used, either 
directly or indirectly, in the manufacture of approxi- 
mately one-half of the commodities used by mankind. 
Table 1, taken from the November, 1930, issue of 
Chemical Markets, lists some of the industries and 
products in which sulfur is used. 








TABLE 1 

1 alcohol 30 leather 

2 alum 31 liquid fuel 

3 aniline 32 livestock food 

4 artificial fertilizers 33 lubricants 

5 artificial silk (rayon) 34 matches 

6 beltings 35 medicine 

7 binders 36 metallurgy 

8 bleaching 37 motor fuels 

9 celluloid 38 motion picture film 
10 cements 39 paints 
11 chemicals 40 paper 
12 dyes 41 paper bleaching 
13 ebonite 42 petroleum products 
14 elastics 43 photography 
15 explosives 44 plastics 
16 fabrics 45 poisons 
17 fertilizers 46 refrigerating agents 
18 fire extinguishers 47 rodent exterminators 
19 fireworks 48 rubber goods 
20 food preservatives 49 shoe polish 
21 fumigants 50 soap 
22 fungicides ‘ 61 soda 
23 = = gilass 52 solvents 
24 glue 53 steel pickling and galvanizing 
25 = glycerin 54 storage batteries 
26 illuminants 55 sugar 
27 inorganic and organic acids 56 farming 
28 insecticides 57 textiles 
29 laboratory reagents 58 water purification 


Of course not all these industries can be classed as 
“major consumers,” but they do show the wide diversity 
of the uses of sulfur. The consumption of the leading 
sulfur-using industries in the United States in 1929 is 
shown in Table 2. Since that time there has been ‘a 
marked decrease in the total amount of the sulfur used, 
but the relative amounts used by the various indus- 
tries has remained about the same. 


TABLE 2 

Long Tons 

RU ON i'n chase ecéccraccetmewedarsnaue 560,000 
Fertilizers and insecticides. ..............00.eeeeeee 415,000 
UN INES Gale P ve iece we cetaeneseeesussedudne 265,000 
SIR ard cs Carle ¢ 8 a4 ee cad si naw eneceueaieress 67,000 
Do | rene 47,000 
WI aut n dale) chase hae vane va tiaw laerwedews 43,000 
INN ok 5 cn cee cngnsdessehascheeascnes 23,000 
ee on od cide bocce eueeeuescedeaedes 15,000 
Cree EEE CCE ETT e 5,000 
nic even c cask ccceueceCaeee aevens 5,000 
dried ech cds ccuedsc@aaeeurwuanes 137,000 
ENGNG S00 bbe chs oie 00555400006 6580 R RES CCHAS 1,582,000 


In addition to this domestic consumption, foreign 
shipments through the Sulfur Export Corporation 
totaled 855,500 long tons, during the same time. 
Approximately 70% of all sulfur sold is used in the 
manufacture of sulfuric acid, which is a basic necessity 
in many industries. ; 

Sulfuric acid is made by oxidizing sulfur dioxide to 
sulfur trioxide and then absorbing the latter in water. 
The sulfur dioxide may be formed by the burning of 
elemental sulfur or by the roasting of some of the metal- 
lic sulfides, usually iron pyrites or “‘fool’s gold” which 
contains from 42% to 48% sulfur. The use of the 
latter frequently has the serious disadvantage of re- 
quiring an additional source of heat and of enforced 
disposal of large quantities of waste materials from 
which the sulfur has been removed. In some cases 
however, this waste material is of more value than the 
sulfur dioxide which it produces. The use of elemental 
sulfur has the decided advantage of producing its own 
heat, of burning clean and leaving no waste products, 
and of being constantly available. 
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Originally, the oxidation of the sulfur dioxide to 
sulfur trioxide was accomplished by the chamber 
process in which an oxide of nitrogen was used as the 
catalytic agent. However, this process is being 
gradually replaced by the contact process in which 
very finely divided platinum, and lately vanadium, is 
used asa catalyst to bring about the direct oxidation of 
the sulfur dioxide by atmospheric oxygen. The sul- 
fur trioxide is then combined with water in any de- 
sired ratio to form sulfuric acid. The majority of com- 
mercial acid is from 90% to 96% sulfuric acid, though 
it may be obtained as strong as 125% acid, based on 
the content of sulfur trioxide. The latter, known as 
“fuming sulfuric acid’’ or “‘oleum,”’ is made possible by 
the fact that sulfur trioxide gas is quite soluble as such 
in 100% sulfuric acid. Oleum is a powerful oxidizing 
and dehydrating agent. 

TABLE 3 
Consumption of Sulfuric Acid in the United States during 1929, in Long 
Tons of 50° Baumé Acid. 

Fertilizers 2,360,000 

Petroleum refining 1,570,000 

Chemicals 820,000 


Coal products 820,000 
Iron and steel 


Textiles 
RMN co cn'v o's Wie-e his oe Ca CASE ea See aa ee 320,000 


| PENG Tae err te TS eee eT Pere ee 7,925,000 


The largest user of sulfuric acid is the fertilizer 
industry, which annually consumes some 30% of the 
total sulfuric acid produced. Practically all the acid 
thus used is for the treatment of phosphate rock to 
make the ‘‘water-soluble’’ phosphate which constitutes 
a large portion of all commercial fertilizers. The 
treatment is comparatively simple and consists es- 
sentially of ‘‘cooking’? the ground phosphate rock, 
known as ‘“‘floats,’’ with sulfuric acid, thus rendering 
the phosphate available as plant food. 

The petroleum refining industry is rapidly coming to 
the front as a user of sulfuric acid. Much of the naph- 
thas, gasolines, kerosenes, light burning oils, and lubri- 
cating oils require treatment with 96% to 98% sul- 
furic acid to remove certain impurities and to give them 
the desired color. The quantity of acid used is quite 
variable, but in most cases the gasolines and lighter 
oils require from one to eight pounds of acid per barrel 
and the heavier lubricating stocks from eighteen to 
sixty-five pounds per barrel. Despite the wide- 
spread research work which has been done on the acid 
treating of petroleum products, exact chemical con- 
trol of the process has never been developed. In 
general, an increase in the quantity of acid used will 
produce an oil of lighter color. However, to many a 
refinery superintendent’s sorrow, such is not always 
the case, and “trial and error’? methods must still be 
relied upon to give the desired results. 

Sulfuric acid is used by the iron and steel industries 
as a “pickling’’ agent. All the iron or steel products 
which are to be galvanized or plated must have the 
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mill scale or oxide coating removed before entering the 
plating bath. This is very effectively done by passing 
the rolled steel plate, the drawn wire, or casting through 
a dilute sulfuric acid solution to which has been added 
an inhibitor which permits the acid to dissolve the 
oxide and leave the metal untouched. 

The manufacture of nitroglycerin and its products af- 
fords an example of an industry in which sulfuric acid 
enters indirectly. The nitration of the glycerin must 
be accomplished in the absence of moisture, and yet 
the reaction itself produces water as one of its end- 
products. Consequently, the glycerin is treated with 
a mixture of 44% nitric acid and 56% sulfuric acid. 
The nitric acid reacts with the glycerin and the sul- 
furic acid absorbs the moisture. 

But not all the sulfur is used in the manufacture of 
sulfuric acid. A very considerable quantity goes into 
the manufacture of automobile tires and other rubber 
articles. The vulcanization of rubber involves the 
addition of a small amount of sulfur to the soft gum 
rubber, transforming it into a tough, elastic, wear- 
resisting solid. This phenomenon was discovered and 
announced independently by Hancock in England, 
Ludersdorf in Germany, and Charles Goodyear, a 
“Connecticut Yankee,’’ about 1840, but it was not 
until about 1900 that the industrial application of the 
discovery began to be realized. 
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Very finely divided sulfur is coming into wider use 
as a fertilizer and as an insecticide. The lime-sulfur 
spray has become quite renowned as a means of com- 
bating the San José scale. Sulfur, mixed with a small 
amount of flour as a retaining agent, serves very ef- 
fectively in the treatment of many plant diseases and 
in the elimination of insects. 

Recent investigation by federal and state agricultural 
agencies has proved that the direct addition of sulfur 
to many types of soil is quite beneficial. It serves to 
counteract the alkalinity of the soil, is a plant food in 
itself, and is a “catalyst” to make other plant foods 
available. Crops to which sulfur has been particularly 
beneficial are alfalfa, sweet potatoes, cotton, and 
tomatoes. 

There are two commercially important processes for 
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the manufacture of paper, the sulfite process and the 
sulfate process, both of which require the use of sul- 
fur in one form or another. The wood paper stock is 
composed of cellulose, which part is later used to make 
the paper, and various substances, including resins, 
which must be removed. The sulfite method utilizes 
calcium and magnesium sulfite and bisulfite, formed 
by passing sulfur dioxide into limewater. The sul- 
fate process utilizes sodium sulfate or ‘‘salt cake’’ and 
is used primarily to make wrapping paper, or kraft 
paper, from pine woods of the South. At present, the 
greater part of the sodium sulfate on the market is a 
by-product of the manufacture of hydrochloric acid, 
which involves the treating of sodium chloride, or 
common salt, with sulfuric acid. 

Although the total sulfur used in the manufacture of 
explosives amounted to only 67,000 tons in 1929, in 
times of war the use for this purpose is increased 
enormously. Sulfur, usually in the form of sulfuric 
acid, is used in the preparation of nearly all munitions 
of war, explosives, gases of nearly all sorts, metals to 
be used for shells and guns, in addition to the uses else- 
where described. 

So important was the source of sulfur during the 
World War that the mines of the Freeport Sulphur 
Company of Bryan Mound were practically taken over 
by the United States Government. A company of 
soldiers was stationed there and very rigid restrictions 
were made and enforced regarding those who should 
be allowed to enter the vicinity of the mines. All 
workmen were issued passes and no one was allowed 
to enter the area without having in his possession an 
authorized pass. So strict was this regulation that 
at one time the general manager of the company was 
not allowed to enter when he had left his pass at home. 
In spite of all precautions one or two attempts were 
made to destroy the plant but were discovered before 
any damage was done. As a further assurance that 
the mining operations should not be stopped, ‘‘stand- 
by” equipment consisting of boilers, pumps, heaters, 
etc., in quantities sufficient to build a complete new 
plant was purchased and kept in large tanks of oil to 
prevent corrosion. There was thus available enough 
equipment to erect a new plant within a short time in 
event the one in operation should be destroyed. How- 
ever, this emergency did not arise, and the machinery 
was later installed and is now in operation at Hoskins 
Mound. 

In addition to the traditional uses of sulfur, there are 
many novel and interesting uses being developed by its 
producers. 

A mixture of 40% sulfur and 60% sand, by weight, 
makes an excellent acid and alkali-resistant ‘‘cement.” 
Such a mixture has a very good compressive strength 
and has a tensile strength of some 400 pounds per 
square inch. It is being used to line acid tanks, to 
make sewer pipe, to calk ceramic ware pipe carrying 
corrosive liquids, to grout in pumps, motors, etc., 
and in many other more or less novel ways. 

A number of new products are being made and new 
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properties imparted to old products by impregnating 
porous or semiporous materials with liquid sulfur and 
then allowing it to solidify. Cured portland cement 
concrete will absorb approximately 17% by weight 
of molten sulfur. The resultant product is impervious 
to moisture, is very resistant to destructive agencies, 
and is enormously stronger than the original concrete. 
Tests made by the Bureau of Standards show that the 
impregnation of cured concrete with molten sulfur 
increases both compressive and tensile strength from 
two to ten times over that of the untreated concrete, 
the percentage of increase of strength being greater 
in the case of lean mixtures. The increase in compres- 
sive strength may be accounted for by the filling of the 
voids, but the increased tensile strength seems to indi- 
cate that there is some chemical action between the 
set portland cement and the molten sulfur. 

















CRYSTALS OF RHOMBIC SULFUR FOUND IN A VaT 


Sandstone treated with molten sulfur shows increase 
in compressive strength of only two or three times that 
of untreated sandstone. However, the treated stone 
has excellent heat and electrical insulating properties 
and makes a good building stone. 

Artificial board fabricated from various fibrous ma- 
terials may be treated with liquid sulfur to make 
surprisingly strong acid-proof and moisture-proof in- 
sulating board. This field is, just opening up and 
promises the future use of a considerable quantity of 
sulfur as a building material. 

Other fields are continually being opened up to the 
use of sulfur, such as the manufacture of objects of 
art, the preservation of wood by impregnation with 
molten sulfur, as a possible insulating material, etc. 
The properties of sulfur are such that its uses will con- 
tinually increase. 

The ever-increasing use of sulfur quite naturally 
brings up the question of the future supply. The three 
companies operating in Texas have been producing ap- 
proximately 80% of the world’s sulfur from five mines, 
two of which are nearing depletion. The Texas Gulf 
Sulphur Company has practically abandoned its original 
mine at Gulf and is now concentrating its operations at 
New Gulf and at Long Point. The former has an 
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estimated maximum life of forty years at the normal 
rate of production of 4000 tons per day. No data 
are available concerning the extent of the deposit at 
Long Point, but it is reported to be as large as that at 
Hoskins Mound. The Freeport Sulphur Company is 
operating mines at Bryan Mound and at Hoskins 
Mound, both in Brazoria County. The deposit at 
Bryan Mound was very recklessly exploited during the 
World War and now, although there is much sulfur 
remaining, the supply available by present mining 
methods can last only a few years longer. Hoskins 
Mound has an estimated life of from fifteen to twenty 
years with a daily production of 3000 tons per day. 
The Duval Sulphur Company which is operating at 
Palangana Dome, although producing sulfur of a some- 
what inferior quality, is reported to have a large re- 
serve supply available. 

Very little information is available concerning the 
two proved deposits in Louisiana. The Jefferson Lake 
Oil Company apparently has a very good deposit at its 
Iberia Parish mine, and the Freeport Sulphur Company 
intimates that its deposit in Plaquemines Parish is 
even better than that of the Texas Gulf Sulphur 
Company at New Gulf. 

There are several known deposits of sulfur which are 
reputed to be rich enough to warrant their exploitation 
when the demand is sufficiently great. Although there 
is no official confirmation of the reports, it is currently 
“rumored” that there are sulfur deposits at Damon 
Mound and Stratton Ridge in Brazoria County, Texas, 
and at Vinton Dome in Louisiana. In addition there 
are several smaller deposits of sulfur scattered around 
over the country, but, so far as is known publicly, none 
of these is sufficiently rich to permit its being mined. 

The Italian and Japanese mines are comparatively 
small, and the sulfur supplied by them may be con- 
sidered negligible in terms of the world demand. 

The Sicilian mines still have an estimated reserve 
supply of some 30,000,000 tons in sight. It may be 
that there is much more than that which will be 
available ultimately, but that is doubtful. Be that as 
it may, the Sicilian deposit could not supply the world’s 
demand for sulfur at the present rate of consumption 
for a very long period of time. 

Thus it appears that while the sulfur deposits now 
being operated cannot be called inexhaustible there is 
a potential reserve great enough to meet the demand for 
many years. The successful exploitation of the newer 
deposits will depend upon improved mining operations 
whereby under-water deposits and very deep deposits 
can be economically obtained. Even though the supply 
of elemental sulfur should become exhausted, there is 
no prospect of a shortage of pyrite ores from which 
both elemental sulfur and sulfuric acid can be produced. 

The author wishes to express his sincere appreciation 
to Mr. A. D. Potter, Austin, Texas, who aided in pre- 
paring the manuscript, and to Mr. W. T. Lundy, 
Vice President and General Manager of the Freeport 
Sulphur Company, who coéperated by furnishing the 
pictures for this article. 
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A LOW-PRESSURE GAS BUBBLER 


EUGENE W. BLANK 


Research and Development Dept., Colgate-Palmolive-Peet Co., 
Jersey City, New Jersey 


THE USUAL type of gas-absorption bottle is not ap- 
plicable when dealing with small volumes of gases at 
very low pressures. A design is presented here for a 
gas-absorption bubbler that operates efficiently under 
these conditions. 

The figure shows the constructional details and di- 
mensions of the new form of bubbler. The dimensions 
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FIGURE 1.—CONSTRUCTIONAL DETAILS 
OF AZ LOW-PRESSURE GAS BUBBLER. THE 
PORTION OF THE BUBBLER BETWEEN A 
AND BjIs CorLep IN A TiGHT SPIRAL 


may be varied widely to meet the requirements of the 
work. The bubbler is constructed entirely of glass 
and may be made in two sections, the perforated and 
spirally wound portion being subsequently attached to 
the straight inlet tube. The numerous inlets along the 
under surface of the spiral section are circular, 2 to 3 mm. 
in diameter, and placed approximately 1 cm. apart. 
Perforating the glass tube is a simple operation that re- 
quires no discussion here. 

After the bubbler has been assembled according to 
the drawing it is tightly wound in a flat spiral or helix 
with a slight angle of inclination. The bubbler is 
mounted in a wide-mouthed bottle of low form or in a 
cut-off cylinder. 

Any of the usual liquid absorbents may be used. 
A volume of absorbent sufficient to cover the outlet 
of the bubbler tube is all that is required; this will be 
1 to 2 cm. in depth. The coiled tube has a diameter 
of approximately 4 cm. 

The operation of the bubbler is simple. As gas 
bubbles form in the tube they tend to rise, due to the 
inclination of the tube, and in passing along the latter 
draw fresh portions of solvent through the openings 
in the bottom of the bubbler tube, effecting continuous 
circulation. 









MODERNIZING the INTRO- 
DUCTORY HIGH-SCHOOL 
COURSE in CHEMISTRY’ 


ELBERT C. WEAVER 


Bulkeley High School, Hartford, Connecticut 


Several factors entering the modern situation and 
affecting teachers and pupils are analyzed. The present 
syllabus of the Division of Chemical Education of the 
American Chemical Society is found satisfactory for 
college preparatory and diligent students, but a parallel 
course in general chemistry on a broader social basis is 
recommended to reach more pupils than are attracted to 
chemistry at present. The adaptations of this pandemic 


type of course to the high school are discussed. 


++ + + + + 


N ORDER to approach the subject of modernizing 
the high-school course in introductory chemistry, 
let us make an examination of some of the impor- 

tant factors in the status quo. These factors affect both 
pupils and teachers in the secondary field, and some 
relate especially to teachers of chemistry or other physi- 
cal sciences. 

Some significant trends in high-school population 
indicate an increase in numerical pressure on the high 
school. While just a few years ago from 75 to 80 per 
cent. of all boys and girls of high-school age entered 
secondary schools, public and private, recently this 
number has climbed to 85 or 90 per cent. with a ten- 
dency upward. This crowding toward the high school 
of those who otherwise might be employed has been 
accentuated by difficulty in securing employment and 
by age restrictions connected with the N. R. A. 
Throughout the country ten years ago 40 to 45 per 
cent. of those pupils who entered finished high school. 
Today 60 to 75 per cent. of an entering class graduates. 
This June in one high school in Hartford the figures 
were 262 graduating out of 406 entering, 64.5 per cent. 
This situation has been met almost entirely by in- 
creasing the size of classes and increasing the number 
of classes met by a teacher. The burden has fallen 
entirely on the shoulders of the teacher. 

The more extensive claim of the high school on our 
adolescent population has multiplied problems at a 
time when the public purse is ill prepared to deal 
with them adequately. As might be expected, truancy 
has increased. About 20 per cent. of all pupils in high 
school today have an I. Q. of 90 or less, and in this 
group we find a greater number of those who fail in 


courses of the curriculum. 
‘ 
* Contribution to the symposium on ‘“‘Modernizing the Course 
in General Chemistry’ conducted by the Division of Chemical 
Education of the A. C. S. at Cleveland, Ohio, September 13, 1934. 


Compared with the high school of two generations 
ago, new social problems of all sorts have appeared. 
Bill hasn’t passed his algebra. Bill’s father was taken 
up by the police last month for dope peddling. Mike 
was apprehended for petty thievery. The Juvenile 
court has placed Mike’s conduct under probation. 
Our fathers may boast of long wintry walks to reach the 
schoolhouse before the days of buses, but today a 
social hazard is before our pupils which is more subtle 
and probably greater than the physical handicap met 
in former years. 

Within the high school’s bulging walls we find that 
lowered average intelligence is positively correlated 
with lowered initiative. Just as the fathers of these 
pupils are content to wait on a benevolent despot in 
Washington to solve their economic ills, so many of 
our pupils study as if waiting for a deus ex machina to 
solve their mental problems painlessly. The method 
of solving troubles by enterprise on the part of the 
individual and group seems to have given way to 
dependence on a paternalistic government to unravel 
the social tangle. Making allowances for the lacka- 
daisical spirit of adolescence, the pupils reflect their 
parents’ attitude by apathy and lack of initiative. 
Possibly teachers encourage this attitude a bit by their 
method of teaching and the character of chemistry text- 
books. For example, many texts are written in such a 
manner that one might infer that all the chemical prob- 
lems have been solved. 

The changing trends in choices of subjects of instruc- 
tion by our pupils is interesting. Today a strong 
emphasis is being put on the sotial studies. Modern 
languages and mathematics have fallen a bit in popu- 
larity. The classics are at a low ebb of popularity. 
Few pupils in a chemistry class will understand a 
reference to the Bible or classical literature, and fewer 
still will appreciate the derivation of chlorine from 
xdwpds. The popularity of the sciences has held up 
well in spite of the tendency to avoid “hard” courses, 
and a slight percentage increase of enrolment in 
physics and chemistry is noted. 

Along with these trends in the pupil population go 
just as definite changes affecting the teachers personally 
and professionally. Salaries are down. Dr. Shuttle- 
worth! of Yale concludes that at present the real wages 
of teachers have shrunk 30.2 per cent. while the in- 


1 SHUTTLEWoRTH, Sch. & Soc., 39, 477 (Apr. 14, 1934). 
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come of wage earners has increased 27.8 per cent. The 
burden from diminished income falls heavily on teach- 
ers who as municipal employees have been doing rela- 
tively more than other citizens toward economy in 
the municipal budget. The compensation of teachers 
is usually based on a salary schedule. In many places 
this schedule has been suspended or disregarded. Asa 
consequence, younger teachers are especially hard hit. 
In one case a teacher of six years’ experience will re- 
ceive only $80 more per annum than a teacher without 
experienice. 

While the income has shrunk with no relief in sight 
for several years, the load of classroom and laboratory 
hours has increased with likewise no respite in view. 
Increases in actual load may be put conservatively at 
10 to 20 per cent., the latter figure meaning at least one 
more class per day. The economic difficulties en- 
countered by teachers of chemistry need not be men- 
tioned here. Summer-school and extension studies 
have been curtailed. Professional development has 
been hampered by lack of means. Retrogression of the 
professional spirit is evident on all sides. 

Particularly unfortunate is the situation with respect 
to professional organizations. In this connection the 
information is drawn from three New England profes- 
sional organizations, especially the New England As- 
sociation of Chemistry Teachers. At a time when 
a need was never greater for professional growth of 
teachers in service by exchange of ideas and gain of 
inspiration by discussion of mutual problems, lack of 
means and limit of physical endurance keep teachers 
away from local chemical and educational meetings. 
For the same reasons it is more difficult to arrange an 
attractive program for such meetings. Publications of 
these professional groups are in financial difficulties at a 
time when the need of continuing bulletins and reports 
is obvious. 

Industrial trips and excursions which add so much to 
pupil and class interest have been curtailed. Pupil 
projects in chemistry are fewer and less extensive. 
Other adjustments in respect to apparatus, chemicals, 
methods of instruction, and textbooks have been made 
to meet the demands of the modern situation. Many 
of these changes are in the direction of a less spirited 
and more routine course in beginning chemistry. 

Such are some of the important factors in the gloomy 
picture of the modern situation as it affects teachers in 
the secondary schools. 

The outline of chemistry as proposed by the Division 
of Chemical Education of the American Chemical 
Society and the College Entrance Examination Board 
has proved satisfactory in general to both colleges 
and secondary schools. But all studies in the cur- 
riculum are subject to constant study and evolution. 
The designers of the course showed broad vision and 
good understanding. The problem to consider is the 
reéxamination of the course in the light of modern 
needs. 

Is the high-school syllabus in chemistry as defined by 
the Division of Chemical Education of the American 
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Chemical Society still serviceable? Recent studies 
indicate that it is. The syllabus which is a compromise 
between the requirements of the college and non- 
college pupils has been and still is successfully used. 
This syllabus is flexible enough to meet local conditions, 
adequate for college entrance requirements for our 
better pupils, and comprehensive enough for the serious 
pupils who wish a general view of the field of chemistry. 
Like other high-school courses it is usually without 
charm or interest to those seniors in the lower 40 per 
cent. of their class. 

Modern trends toward socialization of thought 
indicate several changes in the chemistry course pending 
or in progress in several places. Unit organization of 
subject matter is coming to be substituted for arrange- 
ment according to the periodic law. In this organiza- 
tion of the chemistry course more emphasis is given to 
the relationship of chemistry to life processes, agricul- 
ture, the home, business, and industry. For example, 
oxygen is not studied for its own sake, but a detailed 
study of burning, rusting, and breathing can be made to 
cover the points under that topic which are essential 
knowledge for life. 

Many schools today are dissatisfied with traditional 
subjects as taught. Sporadic attempts to organize 
science courses on a different basis are significant. For 
example, at Natick, Massachusetts, and elsewhere, 
general science is to be taught for four years, thus empha- 
sizing the unities and minimizing the divisions between 
the sciences of physics, biology, and chemistry. Aneffort 
to arouse pupil interest through projects and investiga- 
tions along broad lines will be made. Such a course 
will use reference books, will tax the ingenuity of a 
skilful teacher, and will be handicapped by the lack of a 
suitable single textbook. Dangers arising from lack of 
organization and a subsequent jumble resulting in the 
mind of the pupil are obvious. 

Further dissatisfaction is witnessed by courses in 
household chemistry, agricultural chemistry, industrial 
chemistry, or practical chemistry which are found rather 
frequently as introductory courses in secondary schools. 
Each course mentioned places emphasis on some par- 
ticular phase of the subject in an effort to meet a par- 
ticular need. The fact that none of these types of 
courses is more widely adopted indicates that while 
some problems are solved and some questions answered 
other difficulties abound so that on the whole they are 
but slight advances over the traditionally organized 
course. 

The modern demands are insistent. We cannot 
afford to neglect the call to modernize our syllabus con- 
tinually in the light of further advances made in the 
subject matter or to better adapt what is taught to the 
needs of the pupils. One of the outstanding develop- 
ments in college chemistry is the success and growth in 
adoption of the pandemic course in chemistry for fresh- 
men who do not expect to go on with the subject, but 
who wish to gain the cultural values of chemistry and 
the viewpoint of the chemist. The pandemic course is 
found in over seventy colleges. 
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A solution of the high-school problem seems to be the 
use of parallel courses in chemistry. A secondary- 
school adaptation of the pandemic course seems com- 
patible with the modern demands for the other course 
in chemistry in the high-school curriculum. In such a 
course a pupil would learn about what a chemist does 
without himself taking the first steps toward becoming a 
chemist. Just as a pupil may study art appreciation 
and music appreciation in a modern high school with- 
out training to become an artist or a musician, so the 
base of the chemistry course can be widened. An 
understanding of the scientific concept of the nature of 
matter would be developed. An attempt at a bit of 
the philosophy of science would underlie the whole 
course. The mathematics of chemistry would be in- 
cidental rather than an end in itself. More emphasis 
would be placed on the meaning of a chemical formula 
than on the memorizing of a long list of formulas for 
substances. Here one would find more emphasis on 
the scientific method of problem solving. Equations of 
the simpler sort only are needed. 

Much material which might properly be considered 
physics and biology would be included incidentally to 
the exclusion of details of commercial processes. A few 
significant processes should be studied in detail in order 
to gain the viewpoint of the industrial importance of 
chemistry. 

Where applicable, demonstrations by the instructor 
assisted by pupils will enliven the classroom. Here will 
be given an opportunity to use all visual aids to instruc- 
tion available. The microscope or microprojector, 
often neglected in our traditional course but much 
used in commercial laboratories, should be used to 
advantage to show evidences of molecular motion, 
salt crystals, crystal structure of metals and alloys, 
fibers, and growth of crystals as in replacement experi- 
ments. Pupil laboratory work in such a course will be 
much less detailed and less extensive than is required 
by the College Entrance Examination Board at present. 
More attention will be paid to the physical phenomena 
of chemical experiments. 

Historical accounts of the development of theories 
can be used to emphasize the workings of the scientific 
method. Brief biographies and extracts from the 
original writings of those who have made contributions 
to the advancement of science will add the human 
interest factor. 

Some material strange to the chemistry course at 
present should be included. Because conscientious 
teachers as a group have no conception of the meaning 
of leisure, they too often neglect the problem which 
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leisure time places before their pupils. Avocational 
interests and hobbies should find a place. For ex- 
ample, with the study of iron can be mentioned hand- 
wrought articles with illustrations of lamps, andirons, or 
plant stands made by the pupils or teacher. Metal 
working as a hobby might again be introduced with 
study of brass, copper, and some of the newer alloys. 
Along with the study of silica can come a brief ac- 
count of Indian archeology and its charm. Associa- 
tions are easily made between chemical topics and 
hobbies: ceramics—hand-made pottery; cellulose— 
philately, wood-working, hand-weaving, basketry, 
sewing; pigments—art work; metals—coin collecting; 
fertilizers—gardening. 

Our efforts at character development have been 
seriously handicapped by the supreme government of 
this country. When the morals of a country are 
“nothing about which we can shout ‘Hail, Columbia’ ”’ 
the ideals of the adolescent receive a severe jolt. The 
repudiation of solemn promises, the use of empty 
threats, and the violation of the constitutional rights of 
individuals to private property are among the char- 
acteristics of the government of our modern times. 
Contrasted to politics, science brooks no falsehood or 
deception. Things happen because it is too improb- 
able that they will not happen. The example of those 
who, like Madame Curie, have sacrificed in order to 
learn truth will still inspire moral stamina. Also we 
should not neglect opportunities for constructive educa- 
tion when we study alcohol and narcotics. 

Some textbooks are on the market today which 
have definite trends in the pandemic direction.? A 
textbook and laboratory manual based on this still 
broader social viewpoint are in preparation. 

The parallel course in chemistry can be administered 
in a large high school, but in a small high school will 
such a course be adapted to the needs of the 10 or 15 
per cent. of the pupils who expect to go to college? As 
far as life goes, yes; but as a basis for college work, no. 
In the larger high schools the college group can still be 
cared for by using the traditional course in chemistry 
in separate divisions. For a few pupils in the smaller 
high schools who expect to go to college, supplementary 
work will have to be given to bridge the gap. 

Thus modernizing the high-school course in introduc- 
tory chemistry would seem to be the offering of two 
courses where practicable, one with the traditional 
college preparatory syllabus, and the other a general 
course of the pandemic type. 


2 SEGERBLOM, W., ‘“‘Changing trends in teaching chemistry,” 
Sch. Sct. Math., 34, 524-5 (May, 1934). 





NEW MOTION PICTURE ON SULFUR 


The latest film (16 and 35 mm.) available for release by the Pittsburgh Experiment Station of the U.S. Bureau of Mines is a 
two-reel silent picture entitled, “Sulfur.” The film opens with a panorama of a Texas mining plant, illustrates the Frasch process 
in detail by means of animated diagrams, shows the discharge of sulfur into the storage vats and the blasting and loading of solid 
sulfur. Uses of sulfur in numerous industries are also illustrated. Free to schools on payment of transportation charges. 











Molecular models which reflect recent knowledge of 
atomic structure and provide a versatility not found in 
older models have been constructed. 

Each atom (except hydrogen) is represented by a cube 
with truncated corners, making a fourteen-sided figure 
with eight faces of equilateral triangles and six faces of 
squares. This permits the construction of models having 





HE chemical concept of atoms and molecules, 
th causes in the mind of John Dalton, of neces- 

sity found its first expression in the symbols which 
he invented for these units of matter. The subsequent 
development of chemical theory was closely associated 
with, and to an extent dependent upon, the parallel 
development of graphical and visual representation of 
atoms and molecules. 

The various types of isomers and other features of 
stereochemistry require more than empirical formulas, 
particularly for the purpose of instruction. Likewise 
the nature of the valence bonds and the spatial relations 
of atoms to each other in chemical combination are not 
clearly shown even by two-dimensional graphic formu- 
las. Wherever it is desired to illustrate direction and 
extent in molecular structure three-dimensional models 
obviously possess great advantages. However, in view 
of the inertia of most minds toward new modes of 
thought, even the beginning student in chemistry will 
find molecular models giving a cloak of reality to his 
first chemical formulas and thus satisfying a real need 
by supplying tangible evidence for hypothetical ob- 
jects. 

It is an inherent defect in models of all kinds that 
they imply more than they should and fail to represent 
adequately all that is intended. A model ‘‘best seems 
the thing it is’’ and only second best the thing it is de- 
vised to portray. We must be prepared therefore to 
find in all models radical departures from the originals 
they represent. Certain features will be emphasized 
and reproduced with considerable fidelity; others will 
be obscured or even falsified. 

With regard to molecular models, it is essential that 
they should exhibit the valence characteristics of the 
individual atoms and the existence and peculiarities of 
the special groups, such as hydroxyl, carbonyl, and 
amino groups, which permit us to classify the molecule 
chemically. Every development of our knowledge of 





* Presented before the Division of Chemical Education, 
Eighty-eighth Meeting of the American Chemical Society, 
Cleveland, Ohio, September 11, 1934. 
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all the known types of symmetry in molecular configura- 
tion. 

Various uses of these models for instruction and study 
in the several fields of chemistry are suggested, and 1t is 
indicated that a study of the models themselves may in 
certain cases aid in resolving questions of molecular struc- 
ture and properties. 





valence bonds shouid be reflected in a corresponding 
development in the molecular models. 

The present authors offer for consideration a modifi- 
cation of the usual molecular models, endeavoring to 
take into account as far as is practicable the more recent 
advances in the field of subatomics. We are all familiar 
with the balls and rods by means of which our teachers 
of organic chemistry demonstrated the structure, syn- 
thesis, and decomposition of organic compounds. The 
new models differ from these in several important re- 
spects, so that, without sacrificing the quality of demon- 
strating all that the old models could, they are able to 
portray additional important features of molecular 
structure. 

The chemical valence bond which may be represented 
adequately in models by a rod or wire is the non-polar 
bond. All valence bonds may be classed as polar, non- 
polar, or of an intermediate type. The polar bond is an 
electrostatic bond between two oppositely charged 
fragments of the molecule. It is characterized by a 
high degree of ionization, the non-polar bond by ab- 
sence of ionization. In terms of the electronic theory of 
valence, a polar bond results from the actual transfer of 
an electron from the outer or valence shell of one atom 
to that of another atom; a non-polar bond is produced 
when a pair of electrons is shared equally between two 
atoms. The various intermediate conditions of polarity 
are due to the shared electron pair being attracted more 
strongly by one of the atoms (or groups) so that the pair 
of electrons which constitutes the bond is displaced in 
some degree toward that atom. Langmuir has defined 
a non-polar molecule as one in which the center of 
gravity of its electrons coincides with that of its pro- 
tons. Such a molecule does not exhibit a dipole mo- 
ment. If, however, an electron is transferred from one 
atom to another, or if a shared pair of electrons is dis- 
placed toward one of the atoms, the centers of gravity 
of electrons and protons do not coincide and a molecule 
having a definite degree of polarity results. It is 
probable that examples could be found to illustrate any 
degree of polarity from strong electrolytes with nearly 
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purely polar bonds (e. g., KCl) to inert organic mole- 
cules (e. g., the paraffins). Most organic bonds and 
quite a number of bonds in inorganic compounds, 
particularly those in complex ions, may be safely classi- 
fied as non-polar. 

It is now well established that the non-polar bond 
consists in almost every case of a pair of electrons 
shared by two neighboring atoms. In the familiar 
models the ‘“‘bonds’’ are rods several times as long as the 
diameters of the ‘‘atoms’” they join. This may be 
justifiable if we are to regard the ball as the nucleus of 
the atom, but not if, as is usually the case, it represents 
the nucleus plus the electron shells. Since the outer 
shells of the two joined atoms actually have a pair of 
electrons in common, it is evident that the atoms are in 
contact and that the rod or bond should be as short as is 
practicable. 






















































































FIGURE 1 


A second and more important alteration of previous 
models is suggested by recalling that the most recent 
investigations of atomic structure reveal that perfect 
spherical symmetry is confined to the atoms of rare 
gases and to the ions of similar electronic configuration. 
Atoms which enter into combination with other atoms 
through the medium. of non-polar bonds are never of 
spherical symmetry. The bond direction is inevitably 
differentiated from other directions. The actual sym- 
metry is determined by the electronic arrangement, and 
this factor also determines the valence number itself. 
Hence we choose blocks of approximately the appropri- 
ate symmetry instead of spheres to represent the indi- 
vidual atoms. 

A third difference lies in the relative sizes of the 
atomic models. It is true that we have no exact 
knowledge of atomic diameters and that even the 
significance of such a term is in doubt. Nevertheless 
we are accustomed to speaking of atomic, ionic, and 
molecular radii, and we all have some notion of what is 
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meant by the words. The atoms ordinarily present in 
organic compounds, namely, carbon, hydrogen, oxygen, 
nitrogen, andsulfur, have approximately the same radius, 
except hydrogen. ‘The radii to be considered in con- 
structing inorganic compounds containing the heavier 
atoms are somewhat larger, but for the purposes of the 
model the differences are unimportant. Hydrogen is 
the outstanding exception. The radius of a proton, 
whatever such a term may mean, is certainly vastly 
smaller than the radius of even a hydrogen atom. In 
fact it is probably this singular smallness and corre- 
sponding mobility which make the hydrogen ion so 
unique among chemical entities. The older models 
represent all atoms by balls of the same size. We 
emphasize the one important divergence from the 
general rule by using much smaller objects to represent 
protons. Even so, these objects are not scaled down as 
much as they should be to represent protons for two 
reasons: first, if they had been so diminished, either 
they would not be visible or else we should require a 
derrick and scaffolding to assemble the other parts of 
the model; and second, although the hydrogen atoms 
in, for example, water may be considered as protons to a 
first approximation, it is quite true that the electrons 
are not always between the H and the O atoms but 
spend some of their time, if only a small fraction of the 
total, in the opposite position—a fact which causes the 
H ‘‘atom”’ to extend somewhat farther out than a mere 
proton would. 

Finally, and most important, an effort has been made 
to represent correctly the angles between valence 
bonds. The investigations of Linus Pauling and others 
have established certain general rules about these 
angles, and these rules have been followed in construct- 
ing the present models. Older models naturally fail 
in this respect. 

In a series of papers (1) Pauling showed that the 
application of the quantum mechanics to atoms in 
chemical combination leads, with a few plausible as- 
sumptions, to verifiable conclusions about bond angles. 
No attempt is made at present to assign to an electron 
in an atom a definite place at a definite instant. The 
most that can be said is that the electron spends a 
fraction x of its time near the point P. It is permissible 
in this sense to speak of “‘electrbn density’ along any 
direction about the nucleus of an atom, meaning the 
relative chance of finding the electron somewhere along 
that line. Pauling shows that the presence of another 
atom capable of forming a chemical bond with the atom 
in question causes a mutual intensification of electron 
density (already at a maximum in that direction) along 
the axis of the bond. A bond in such a compound has a 
certain objective existence in the form of a tegion of 
strong electrical density extending from the nucleus or 
core of each atom toward that of the other. The 
analogy of this to the static electron-pair bond of G. N. 
Lewis is striking. 

Pauling’s conclusion is that the usual non-polar bonds 
approach one of two limiting cases, enclosing angles of 
90° and 109.5° (the tetrahedral angle), respectively. It 
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FIGURE 2.—LisT OF PHOTOGRAPHS OF MOLECULAR MODELS 


Methane and water—assembled and in parts. 
Ethane, ethylene, and acetylene. 

Octane in 1-3 zigzag. 

Octane in 1-5 zigzag. 

Ethyl alcohol, acetone, and acetic acid. 


Cobalt-ammonia ion and sulfate ion. 

Sodium stearate (soap). 

Cellulose. 

Orientation of toluene, benzene, and phenol at the air 


water interface. 
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is true that the presence of other groups distorts these 
angles, but for the purpose of representation with a 
static model they may be considered as preserved. 
Thus oxygen has its two valence bonds at right angles; 
the three bonds of nitrogen extend along the three 
Cartesian axes; the four carbon bonds point to the 
apices of a regular tetrahedron; the six equivalent 
bonds in a complex ion (of codrdination number six) 
point to the vertices of a regular octahedron and are 
consequently at right angles to one another. Hence, in 
order to produce a model with the maximum utility, 
each atom (with the exception of hydrogen) is repre- 
sented by a cube with truncated corners, making a four- 
teen-sided figure with eight faces of equilateral triangles 
and six faces of squares as shown in Figure 1. This 
makes possible the construction of models having 
tetrahedral, cubic, square, and octahedral symmetry— 
each of which may be exemplified by typical com- 
pounds. 

The actual material used in constructing the models 
is a matter of convenience. For hydrogen atoms, half- 
inch cork balls are used. The other atoms are cut from 
two-inch wooden cubes. Holes are bored one-half inch 
deep and one-fourth inch in diameter to accommodate the 
valence bonds which are made of short pieces of quar- 
ter-inch dowel rod. Double and triple bonds are 
represented by bent pieces of soldering wire. The 
different kinds of atoms are painted in contrasting 
colors—for example, black for carbon, red for hydrogen, 
and light blue for oxygen. 

It is suggested that these models may be useful ad- 
juncts in teaching and research in the major branches 
of chemistry—organic, inorganic, physical, and col- 
loidal. 

The organic chemist may use such models to portray 
the tetrahedral nature of the carbon atom; to demon- 
strate that ‘‘straight-chain’” compounds are always 
crooked, being spiral in character if permitted to bend 
freely in three dimensions, or, if confined to a plane, 
being one or the other of two possible zigzags—one in 
which every third, and one in which every fifth carbon 
atom is a repetition of the first*; to illustrate the nature 
of side chains and stereoisomerism; to show the struc- 
ture of aromatic compoundst; to demonstrate the 


* The second type of zigzag can be carried to completion only 
if an even number of carbon atoms is in the chain. This may or 
may not have some bearing upon the alternation of properties 
in many homologous series of hydrocarbons or their derivatives 
which gives rise to odd and even sub-series. While it is doubtless 
true that, except possibly in the crystalline state, free rotation 
about each single bond permits a molecule to assume not only 
either zigzag shape but also many intermediate spirals, yet the 
possibility of ‘‘rotational isomers” has been pointed out by K. L. 
Wotr (2) and it may very well be that some one configuration is 
favored by the molecule if not exclusively present. 

{ The shape of the benzene ring and the arrangement of the 
valence bonds seem to constitute a perennial moot question. 
Using the Kekulé formula with alternating single and double 
bonds, these models lead inevitably to a configuration in which 
all the C atoms lie in a plane and the bonds to the exterior also 
lie in that plane. Indeed it is obvious that, if two carbon atoms 
are joined by a double bond, the four remaining bonds lie in one 
plane, and that plane also contains the centers of the two atoms. 
The Kekulé formula makes the benzene ring consist of three such 
pairs. ADAM (3) notes that the only available piece of experi- 
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optically active isomers associated with an asymmetric 
carbon atom. 

The inorganic chemist will find these models particu- 
larly applicable to the study of complex ions and their 
stereoisomerism, and in interpreting the behavior of the 
ammonium ion which is the only simple ion having a 
positive outer shell (of protons). 

In physical chemistry the models may be used to 
construct unit cells of crystals and to study the angles 
between valence bonds—an important factor in the 
specific heats of gases and in dielectric constants. 

Colloid chemistry is primarily concerned with the 
behavior of molecules at the boundaries between any 
two phases. This behavior, involving adsorption, 
orientation, and resulting phenomena, is conditioned by 
the structure and polarity of the molecules concerned. 
For example, molecules such as those of the soaps, sul- 
fated fatty alcohols, and sulfonated oils, consisting of a 
long non-polar organic portion combined with an active 
polar group, are found to have the greatest effect in 
lowering the surface tension of water, the ability to 
stabilize foams or films and to act as the most efficient 
emulsifying agents, wetting agents, and detergents. 
These “‘surface-active’”’ molecules possess polarity in a 
limited portion of their structure, the remainder being 
practically free of this property. Such molecules are 
frequently referred to as polar-homopolar or polar-non- 
polar molecules. 

The more polar regions of molecules are often known 
as ‘‘active’”’ portions. They have a marked effect upon 
surface tension, causing it to rise considerably, as might 
be expected. Molecules orient themselves in the sur- 
face layer so as to have their active parts within the 
body of the liquid and their least active portions ex- 
posed. To be specific, the free surface energy (f.s.e., 
numerically equal to surface tension) is approximately 
the same from hexane to molten paraffin: hexane, 21; 
octane, 23; petroleum, 25. The f.s.e. of the alcohols, 
acids, aldehydes, and ketones of the paraffin series is 
practically the same as that of the hydrocarbons be- 
cause the surface is still covered with CH; groups, the 
active OH or CO group being oriented toward the body 
of the liquid: CH;0H, 23; C:HsOH, 21.7; CH;COOH, 
23.5; (CHs)2CO, 23.3. In benzene the ring lies flat 
upon the surface, thus keeping the active double bonds 
as near the interior as may be: f.s.e. 28.8. If an OH or 
other active group is substituted in benzene, this group 
is drawn inward and the ring is tilted on edge. Two 
ortho groups have no greater effect than a single group. 


mental evidence points to a plane ring with substituents also 
in that plane. 

It is found, of course, that the bonds in the benzene model must 
be flexible, because it is not feasible to make a hexagon with six 
angles of 109° 28’, which is what the angles would be if the bonds 
were all single, nor yet with six angles of 125° 16’, which is what 
they would be if the bonds were alternately single and double. 
The sum of the angles of a hexagon is 720°, while in the first case 
the sum of the available angles is 656° 48’ and in the second 751° 
6’. If the principle of the Baeyer strain theory (4) is correct, 
the second structure, which necessitates a distortion of 5° 19’ 
per angle is more stable than the first with its distortion of 10° 38’ 
per angle. A zigzag formula for benzene is possible using single 
bonds, but for most purposes the Kekulé formula seems preferable. 
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Two para groups cannot both go below the surface so 
the f.s.e. increases. Substitution of methyl groups in 
benzene lowers the f.s.e. unless the presence of an active 
group in the ortho position draws it beneath the sur- 
face: phenol, 40.2; nitrobenzene, 41.8; p-nitrophenol, 
55; toluene, 28.2; cymene, 28.2. 

Substances differing widely in polarity are usually 
only slightly miscible, e. g., oil and water. Such sys- 
tems may become colloidally dispersed by the addition 
of an emulsifying agent, which is usually a long mole- 
cule the two ends of which differ widely in polarity so 
that one end is potentially miscible with the one con- 
stituent of the mixture and the other end potentially 
miscible with the other constituent. The specific 
example of soap occurs to mind at once as a demonstra- 
tion useful in explaining detergency to beginners in 
chemistry. 

One most curious instance of the importance of po- 
larity may be well portrayed with these models. Con- 
sider two series of compounds: (1) water, methyl 
alcohol, dimethyl ether; (2) methane, ethane, propane. 
In these two series the molecular weights of correspond- 
ing members are nearly the same and the increments of 
molecular weights in the series exactly the same, but in 
the one case the boiling point rises with increasing 
molecular weight and in the other it falls, as indicated in 
the table. The apparent reason for the paradox is that 
in series (1) the increase in molecular weight is over- 
balanced by the great decrease in polarity (with its 
accompanying decrease in intermolecular attraction), 
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while in (2) polarity is not a factor. The polarity is 
most evident with a model, which produces far more 
effect upon the student, and, indeed, upon the instruc- 
tor, than a written formula and a book of words. 


TABLE 
Polar Molecules Mol. wt. B. ?. 


H:0 100 
CH;:0H 66 
(CH3)20 —24 
Non-polar molecules B. 2. 
CH, — 164.7 


C:He —86 
CsHs —39 


The value of “visual education” is so widely recog- 
nized as to require no discussion here. It is essential 
that the models used as educational aids should ap- 
proach as closely as possible the ideal case of identity 
with the thing modeled. It is equally essential to 
avoid creating in the mind of the student the impression 
that the picture and the original are one and the same. 
The models here presented for consideration serve to 
emphasize in the minds of student and teacher alike 
certain important structural principles and properties 
of molecules. 


LITERATURE CITED 


(1) Pautrne, L., J. Am. Chem. Soc., 53, 1367, 3225 (1931); 54, 
988, 3750 (1932). 
(2) Desye, P., “Structure of molecules,’’ Blackie & Sons, London, 


1932. 

(8) Apam, N. K., “Physics and chemistry of surfaces,” p. 97 ff., 
Oxford, 1930. 

(4) v. BAEYER, J. F. W. A., Ber., 18, 2277 (1885). 





VALENCE DEFINED 
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HE deplorable inconsistencies in the use of the 
term valence cannot be tolerated by the logi- 
cally minded scientist, teacher, or student. The 
scientist may avoid the term but the teacher has the 
disagreeable task of teaching freshmen all the tangled 
definitions and misstatements of the introductory text- 
book. The teacher can hardly avoid discussing such a 
widely used term. Indeed ‘valence’ has the prestige 
of tradition as well as a real use in certain fields. How 
can the teacher surmount the difficulty? Very 
simply. It is only necessary to define the term in the 
restricted sense in which it is actually used to advan- 
tage by the initiated, and thus avoid attempts to teach 
the beginner more than is actually known by the leaders 
of our science. 
If we examine most of our current difficulties in re- 
gard to valence we will find that they are attributable 
to one or more of three sources. The first source of 


confusion is the attempt to generalize the properties 
of isolated atoms. The formation of a given compound 
cannot be ascribed wholly to the properties of any one 
atom, chemical union depending as it does on the 
nature of all the atoms in the compound as well as on 
external conditions. The “combining power’’ is not a 
property of a single atom but is a function of at least 
two atoms. Any attempt, then, to discuss chemical 
combination must take into account all the atoms in- 
volved. This may be accomplished by focusing our 
attention on the compound rather than on its con- 
stituent atoms. The compound, under some specified 
conditions, represents an actual case where all the 
observable “‘constitutional influences” of the atoms are 
accounted for. A simple illustration will demon- 
strate the point. A certain specified number of atoms 
may be combined to forma number of isomers. Clearly 
the properties of these distinctly different substances 
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cannot be wholly ascribable to the constituent atoms. 
The arrangement, the constitution of the given isomer 
is an inseparable character of that compound and alone 
distinguishes the several isomers. 

Turning our attention to the compound we now have 
the problem of describing its constitution and of bring- 
ing out the relation of this constitution to the proper- 
ties of the constituent atoms. For this purpose a 
number would be very convenient, if it could be used. 
This leads us directly to the second source of the diffi- 
culties attending ‘‘valence” today, the question of the 
valence number. In order to use a valence number it 
is necessary that it represent countable equivalent 
entities or units. This is obviously where a great deal 
of confusion exists. The freshman definition impels us 
to count hydrdgen-like atoms. Thus, carbon, as ex- 
emplified by ethylene, (CH»)2, is combined with two 
hydrogen atoms and, counting hydrogen atoms, its 
valence is two. The organic chemist is concerned with 
bonds and in this compound four bonds are associatec 
with carbon. Since the bond is his unit of valence he 
finds the carbon to have a valence of four. The 
chemist who deals with ions counts unit charges. The 
expert on codrdination compounds counts neutral 
groups. Where so many valence units are in vogue 
one can hardly expect universal accord in the valence 
number. 

The third source of trouble lies in the generality of 
the definition and in the vagueness of “combining 
power.” When there are so many clearly differentiated 


types of chemical union it is not to be expected that all 
can be included in any one term unless the term be as 
general as chemical union itself. Certainly any at- 
tempt to describe all modes of behavior of an element or 


atom by a simple number will fail. The greatest un- 
certainty in the application of valence is met with in 
cases where the compound in question is neither a 
typical organic compound nor a typical salt but a com- 
pound such as a complex hydrated silica. 

Having examined some of the undesirable aspects of 
‘‘valence’”’ let us discuss some of its better features. 
The most outstanding and practical use of valence is 
to be found in organic chemistry. The amazingly 
self-consistent theory of the structural formula is based 
almost wholly on the idea that a constant number of 
bonds is associated with a particular atom in a com- 
pound. The organic chemist distinguishes between 
single, double, and triple bonds. The properties of 
his bonds are well known to him. They are structural 
relationships somewhat resembling mechanical struts. 
His double bond is well established, accounting for re- 
activities, geometric isomerism, abnormal specific 
heats, abnormal parachor values, Raman lines, heats of 
dissociation, and many other properties. The organic 
chemist must know the structural formula before he 
can be sure of the valence of some particular atom in a 
compound and he must know whether or not the bonds 
associated with the atom in question are typical C—H 
or C—C like bonds. To the organic chemist valence is 
a number representing the number of C—C, or C—H 


133 


like bonds associated with an atom in a given com- 
pound. His units are bonds which may differ in 
strength but are equivalent as structural or relational 
units controlling arrangements of atoms in molecules. 
These bonds he represents by means of lines in his 
formulas or struts in his models. The lines and struts 
are all alike; two lines give a valence of two; a valence 
of four implies four struts in his model. His difficulties 
begin when his structures cannot be determined or 
when his bonds do not behave normally as in the 
central C—C bond in hexaphenyl ethane. He then 
wisely points out the abnormality, counts the remain- 
ing normal struts, and says the central carbon atom is 
trivalent, leaving others to account for the properties 
of the material if considered tetravalent, or he may say 
it is a mixture of two different substances, triphenyl- 
methyl and the dimer, the central carbon valence be- 
ing three in the free group and four in the dimer. 

The inorganic chemist is somewhat less consistent 
in his use of valence. When referring to ions, however, 
his method is clear and meaning definite. The valence 
of an ion is clearly used to indicate the number of unit 
charges carried by the ion. And since many of his re- 
actions are the reactions of ions the number of charges 
on the ion will be a determining factor in the reaction. 
The behavior of these ions is conveniently generalized 
by speaking of the valence of the ion. Electrolytes 
are commonly classed as uni-univalent, uni-divalent, 
etc., the classification referring to the number of 
charges on the ions. Little or no ambiguity arises 
when valence is used in this sense. There is practically 
no other generally accepted use of a valence number and 
when the term is applied to substances whose consti- 
tutions are doubtful, misunderstandings arise. The 
coérdination number is used with some success but 
chemical compounds of the type classified by the co- 
ordination number are very different from the typical 
organic compounds. Moreover, the codrdination num- 
ber is controlled by such factors as size and charge, 
and shows little or no periodicity, whereas the number 
of bonds associated with an atom in a compound and 
the number of charges carried by an ion are markedly 
periodic phenomena. Weshouldnotusethesametermin 
connection with such unrelated types of chemical union. 
When the term valence is confined to the periodic 
type of union it will be found more generally useful. 
In other types of compound such as intermetallic com- 
pounds, hydrates, some of the compounds formed by the 
smaller electronegative elements, polyiodides, poly- 
sulfides, intermolecular compounds, and the like, the 
valence number concept is quite useless. 

Can we define valence so as to include only the de- 
sirable aspects of the older definition and also so that 
the new definition will define the term as most generally 
used? Yes, very simply. While many better defi- 
nitions will probably occur to the reader the following 
definition of valence has been given to students in 
elementary classes for several years and has been found 
satisfactory. 

The valence of an atom in a given compound 1s a number 
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representing the number of typical C—C, or C—H like 
bonds associated with that atom in the compound. The 
valence of a positive or negative ion is a number represent- 
ing the number of positive or negative unit charges as- 
sociated with theion. This definition is neither new nor 
startling in any way. In fact, the reader will probably 
say “‘old stuff,” thereby indicating that it is high time 
to teach our students this “old stuff” and give up 
“definitions” of valence that do not define valence. 

The above definition necessarily excludes the valence 
number from application to atoms in compounds of 
unknown constitution as well as excluding its appli- 
cation to codrdinated groups where the bonding is 
not of the usual type. Where uncertainty as to the 
nature of the bond occurs, the valence will be uncertain. 
The valence bonds are of course the typical covalent or 
electron-pair bonds. 

With the above definition of valence it would be per- 
missible to speak loosely of the valence of carbon as 
being four, to indicate that in most of its compounds 
carbon is quadrivalent; similarly, the statement that 
sodium is univalent means that generally the sodium 
ion carries one charge. Obviously the two types of 
union, ionic and covalent or bonded, give periodic 
valence numbers, and the valence number of the atom is 
usually the same as that of the elementary ion. Thus 
the valence of Cl in methyl chloride is one and in 
NaCl it is also one. 

In our definition of valence we have two distinct 
valence units. While in many ways this is undoubtedly 
undesirable, no serious difficulties will arise if we dis- 
tinguish sharply between the two valence units and 
avoid attempts to combine them when dealing with 
complex ions. The addition of the number of charges 
carried by an ion to the number of bonds associated 
with a particular atom in the ion to obtain the valence 
number of that atom assumes that the charges are as- 
sociated only with the atom in question. In most cases 
this assumption is definitely wrong. In cases where an 
ionic linkage takes the place of an ordinary bond the 
charge may perhaps be localized and in any case prob- 
ably little or no misunderstanding will occur if the 
charge is counted as the bond of the parent compound 
in arriving at the valence of the atom in the ionic deriva- 
tive. However, this is not generally advisable since 
in one case we are dealing with an atom in a compound 
and in the other with an atom in an ion, the ion itself 
having a valence number. For example, a number of 
bonded compounds of the trimethyltin radical are 
known, such as (CH3)3SnH, (CHs3)3SnCl, (CH3);3SnOH, 
(CHs)3SnCsHs, where the valence of the tin atom is 
plainly four. In the compound (CHs;);SnNa we might 
consider the valence of the tin to be four in order to 
indicate its relation to other compounds of the tri- 
methyltin group. Since this is an ionic compound 
strict adherence to our definition requires a valence 
number for the ion as well as valence numbers for the 
atoms in the ion and the valence of the (CHs;)3;Sn~ 
is one, while the valence of tin in the ion must be con- 
sidered three. If we knew with certainty that the ion 
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charge is located on the tin atom we could say that 
the valence of tin in the compound is four, not other- 
wise. In the case of Sn(CHs)3~ the sum of the valences 
of the ion and of the central atom in the ion, give the 
usual valence number of that atom but this is by no 
means a general rule. For example, if the perchlorate 


O 
ion is assigned the usual structure O—ClI—O, the 


O 


valence of the chlorine atom must be considered four 
in the ion, the ion valence is of course one, and the sum 
five. ; 

The ammonium ion is, of course, univalent; the 
nitrogen in the ion is quadrivalent if we consider all 
the bonds equivalent, or trivalent if we have any reason 
to suppose that the fourth bond is neither the typical 
single nor multiple bond. Similarly the valence of 
nitrogen in an amine oxide is four if we know that the 
O—N bond is a single electron-pair bond similar to other 
covalent bonds, or it is three if we know the bond to be 
very different from an ordinary bond. The valence of 
the sulfate ion is two but the valence of sulfur in the 
ion cannot be determined without a knowledge of the 
structure of the ion. Since the most generally ac- 


O 
cepted structure for this ion is 0:8:0, the valence of 
O 


sulfur must be considered four. This is not quite the 
usually accepted valence number and may not be quite 
so convenient as the process of adding and subtract- 
ing valence numbers to arrive at the ion charge. The 
ion charge can be ascertained in practically any way 
that actually involves counting the electrons. It is 
certainly ridiculous to say that chlorine in the per- 
chlorate ion has a positive valence of seven, irrespective 
of the question as to the constitution of the oxide 
Cl,O;. It cannot be overemphasized that the question 
of the valence relations in these complex ions is by no 
means settled by the outstanding chemists of the day. 
How then can we expect to give the student rules to 
cover these cases? Indeed, this is one of the more 
serious errors common to the trained pedagogue; the 
teaching of more than is known by the teacher or any one 
else. 

The advantages gained by this definition of valence 
are many and it may be used in introductory courses 
without difficulty and without any very great change 
in the general language of chemistry. In treating of 
the complex ions it is only necessary to state the facts 
or classify the ion types. Where electronic configura- 
tions of the atoms are discussed, the difficulties concern- 
ing the complex ions disappear. It may be said that 
some of the older rules of valence facilitate teaching, 
but teaching which is facilitated by inconsistencies, 
self-contradictions, and directly misleading statements 
is little more than a social pastime. 
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The CHEMICAL CONSTITUTION 
of RUBBER in the LIGHT of 
STAUDINGER’S WORK 


IVEY ALLEN, JR.* anp ERWIN R. SAUTER 


University of Freiburg i.Br., Germany 


Recent investigations have shown that the so-called highly 
polymerized substances are composed of very large mole- 
cules which are‘ built up in the same way as the more fa- 
miliar smaller organic molecules. Staudinger and his 
school have shown that a typical rubber molecule may be 
considered as a very long chain composed of isoprene units 
held together by primary valence bonds. In solution this 
chain appears to be a rigid structure which holds its ex- 
tended form. The viscosity of a dilute solution of these 
molecules may therefore be used to determine the chain 
length or the molecular weight. A value of 88,000 has 
been obtained for the molecular weight of purified rubber 
and 40,000 for balata, corresponding to average chain 
lengths of 5800 Angstrom units and 2650 Angstrom units, 
respectively. Raw rubber gives even higher values than 
the purified material. The physical properties of rubber 


appear to depend entirely on the length and form of the 


macromolecules. Rubber solutions are closely related to 
those of other linear colloidal organic molecules (Molekil- 
kolloide), such as cellulose, the styrene polymers, etc. 


+++ oo + 


MICELLAR AND MOLECULAR THEORIES 


HE EARLY work of Tilden, F. Hofmann, and 

Harries! showed that isoprene is the unit from 

which rubber molecules are built. It was also 
shown by Harries that the isoprene units were joined 
together in the 1,4 positions, thus: 


" ° 
—CH;—C=CH—CH:—CH;—C=CH—CH;— 


The size and shape of the resulting molecules has how- 
ever been the subject of much work and many theories. 
These various theories may be divided roughly into 
two classes: first, those which consider rubber as com- 
posed of fairly small molecules bound loosely to one 
another by secondary or auxiliary valence forces; sec- 
ond, those which consider that the rubber molecule is 
very large and is composed throughout of isoprene 
units bound together by primary valence bonds. 

The theories of the first class may be designated as 


* German-American exchange student 1933-34, under the 
auspices of the Institute of International Education. 

1C. Harries, “Untersuchungen iiber die natiirlichen und 
kiinstlichen Kautschukarten,” Berlin, 1919. 


micellar theories. A micelle is an aggregate composed 
of a number of molecules which are more or less loosely 
held together by secondary forces. These forces are 
much weaker than primary valence bonds. The pres- 
ence of such a micellar structure has been shown to 
explain the properties and behavior of soap solutions 
in water*® and since soap solution and rubber solution 
appear to be similar in many respects a micellar struc- 
ture has been very widely attributed to rubber solu- 
tions. Such an assumption serves quite well to ex- 
plain many of the colloidal properties of rubber solu- 
tions and the micellar theories have largely been ad- 
vanced on the basis of evidence obtained from the 
study of colloidal behavior. This emphasis on col- 
loidal properties is quite natural in view of the many 
difficulties in the way of investigation along pure or- 
ganic chemical lines such as have been followed in 
determining the structure of smaller organic molecules. 

Theories of the second class are largely a development 
of the last few years. C. O. Weber® suggested quite 
early that rubber was probably a very high-molecular- 
weight polyprene and a few other workers expressed 
similar ideas and produced evidence for them. The 
colloidal behavior of rubber, however, did not seem to 
fit with such a structure. It remained for Staudinger® 
and his fellow-workers to show that the chemical and 
physical properties of rubber could be explained quite 
satisfactorily by application of the principles of classical 
organic chemistry. By a long series of experiments 
along chemical as well as physical lines they have shown 
that rubber is actually a very long molecule of isoprene 
units bound together, as Harries had shown, in the 1,4 
positions. The molecule holds its extended shape in 
solution and may be regarded as a very long rod of very 
small diameter. The nature of the end members of 
these chains is not yet known; this is natural in view of 
the unusual difficulties encountered in that determina- 
tion. The end groups represent a very small portion 


2R. O. Herzoc, Ber., 58, 1256 (1925); K. H. Meyer, Z. 
angew. Chem., 41, 935 (1928); K. H. MevEr unp H. Mark, “Der 
Aufbauder hochpolymeren organischen Naturstoffe,” Leipzig, 
1930; K. Hgss, ‘‘Chemie der Cellulose,’ Leipzig, 1928. 

( 3 — J. Phys. Chem., 30, 289 (1926); Kolloid-Z., 40, 1 
1926). 

4R. Pummerer, Ber., 60, 2167 (1926). 

5 C. O. WzBER, thid., 33, 784 (1900). 

6 H. STAUDINGER, ‘‘Die hochmolekularen organischen Ver- 
bindungen, Kautschuk und Cellulose,” Berlin, 1932; Chem.-Ztg., 
58, 225 (1934). 
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of the total weight of the rubber molecule and are 
presumably alkyl groups. 


CHEMICAL AND PHYSICAL PROPERTIES OF RUBBER 


Due to the presence of the double bonds the rubber 
molecules are very reactive chemically. They undergo 
readily the reactions common to ethylene derivatives, 
such as addition of halogen halides, hydrogenation to a 
saturated hydrocarbon, and oxidation. The action of 
oxygen is of particular interest from the scientific as 
well as the technical standpoint. Harries had already 
used ozone to break down the rubber molecule and thus 
identify the fundamental building unit. The action of 
atmospheric oxygen is not so drastic’ as that of ozone 
but it often causes a very marked degradation of the 
rubber molecule. This degradation becomes apparent 
through the change in physical properties. Oxygen can 
also act as a combining agent in joining together two 
molecules at the double bonds, thus bringing about a so- 
called three-dimensional molecule. This is the change 
which takes place when soluble rubber goes to the in- 
soluble state. If the double bonds in rubber are satu- 
rated by hydrogenation the resultant molecule is, in 
contrast to the original substance, quite stable toward 
oxygen and behaves chemically like a saturated hydro- 
carbon of high molecular weight. The hydrogenation 
of rubber was carried out in 1922 by Staudinger and 
Fritschi.® Recently Staudinger and Leupold!’ by 
working with methyl cyclohexane as solvent and taking 
precautions to prevent access of air to the reaction mix- 
ture succeeded in preparing a hydro-rubber which 
showed practically the same physical properties and 
molecular weight as the original rubber. These physi- 
cal properties appear therefore to be dependent entirely 
on the length of the molecule and not on the presence of 
the double bonds. Association or the formation of 
micelles was supposed, according to the supporters of 
the micellar theories, to depend largely on the presence 
of the double bond. In the case of hydro-rubber there- 
fore we must find some other explanation for the pe- 
culiar physical properties; as already stated, the ex- 
treme length of the molecules is now to be considered as 
the correct explanation. The chemical properties of 
hydro-rubber, in contrast to its physical properties, are 
very different from those of rubber.1! The hydrogen- 
ated product is extremely stable chemically and re- 
mains practically unchanged on standing exposed to the 
air, either in the solid state or in solution. It does not 
go over to an insoluble state as does rubber. Therefore, 
the aging of rubber and its transformation to an insolu- 
ble state, that is, the transformation from a- into B- 
rubber, are the result of chemical changes dependent 
upon the presence of the double bond. 

Early X-ray studies on highly polymerized substances 


7H. STAUDINGER UND H. F. Bonpy, Ann., 488, 153 (1931). 

8 H. STAUDINGER, Book, loc. cit., p. 403. 

9 H. STAUDINGER UND J. Fritscut, Helv. Chim. Acta., 5, 785 
(1922). 

10 H. STAUDINGER UND E. O. LEupotp, Ber., 67, 304 (1984). 

11H. STAUDINGER, Chem.-Zig., 58, 226 (1934). 
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and rubber were taken as evidence for a micellar struc- 
ture arising from the association of small molecules. 
From the X-ray work on synthetic high polymers, more 
particularly the polyoxymethylenes,” it was recognized 
by Staudinger and his school that a correct spectro- 
scopic determination of the average molecular weight is 
as yet impossible if more than about 40 atoms occur in 
the chain of a macromolecule in a crystal lattice. Up 
to the present time there does not exist a satisfactory 
spectroscopic method or theory for the determination of 
the chain length or the molecular weight of highly 
polymerized organic substances. On the other hand, 
the X-ray work by Staudinger and his fellow-workers 
brought out most interesting general relations concern- 
ing the structural properties of the particular lattice 
type of the organic linear macromolecules. The oc- 
currence of small structural repeating units (identity 
periods) and their changes (polymorphism) on the rod 
of the linear molecule can be thereby explained. The 
strange phenomenon of the crystallization of rubber 
through stretching and chilling does not afford the 
assumption of a very much spiraled molecule (for which 
the double bonds were thought to be the cause) but can 
be related more easily to normal freedom of rotation 
about primary bonds in an extraordinarily long linear 
molecule and the behavior of an aggregate of those un- 
der the external action of stress or pressure. 


DETERMINATION OF MOLECULAR WEIGHT 


It having been indicated by the results of hydrogena- 
tion, by the study of the physical properties, and by 
comparison with other (synthetic) highly polymerized 
substances that the physical properties of rubber are 
essentially those of very long molecules, it remained to 
find a method by which the length and thereby the 
molecular weight could be determined. For this pur- 
pose the experience gained in working with similar long 
molecules, synthetically prepared, was invaluable. 
The polymers of styrene can be prepared readily in the 
laboratory and the course of the polymerization can be 
fairly readily controlled by altering the conditions of 
the reaction. Staudinger! has pointed out that the 
styrol polymers are quite similar in constitution to 
rubber, each consisting of a substituted hydrocarbon 
chain, but with the difference that the former contains 
no double bonds. The following formulas make this 
plain. 


Styrol Polymers: CsH; CeHs CeHs 
du,—cu,—(—Cn—cu,—._d=cH, 
CH; 
—CH:—C=CH CHs cH cH 
—H.C— (—cH,—d=cH—cH—)— CH: 


Rubber: 
@. 


12 H, STAUDINGER, G. MIE UND MITARBEITER, Z. phystk. Chem., 
126, 425 (1927); J. HENGSTENBERG, Ann. Physik, 84, 
(1927); E. Sauter, Z. physik. Chem., B18, 417 (1932); <bid., 
B21, 161, 186 (1933). i 

18H. STAUDINGER UND MITARBEITER, “‘Uber das Polystyrol, 
ein Modell des Kautschuks,” Ber., 62, 241 (1929); Staudinger’s 
book (Joc. cit.), p. 157. 
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By varying the conditions of reaction a series of poly- 
mers was prepared covering a range in molecular weight 
from a few hundred up to a half million. The molecu- 
lar weight of the lower members up to 10,000 could 
be determined by a variety of methods. For the 
higher members there was no satisfactory method 
available. It had already been observed that in many 
cases of such homologous series there existed a certain 
general relationship between molecular weight and vis- 
cosity of the substances in solution. By a careful 
study of the viscosities of solutions of the lower members 
of the series Staudinger discovered the general relation- 
ship for dilute solutions :4 
tee KayM, 


c 
‘ 


where 7,, = specific viscosity, ¢ = base concentration, 
M = molecular weight, K, = a constant. The 
specific viscosity, 7,,, is determined from the relative 
viscosity, 7,, by the relationship, 


i = 1= Nsp- 
The relative viscosity was obtained from the expression, 
> = SGctuiion) /t(eclvent)s 
where ¢ is the time required for a definite quantity of 
liquid to flow through the capillary in an Ostwald or 
Ubbelohde viscosimeter. Concentration, c, is expressed 
as base or primary molar concentration (‘‘grundmolare 
Konzentration’’), that is, the concentration in terms of 
repeating units. For instance, in the case of the styrol 


polymers the repeating unit is —CsH;CHCH:— with a 
molecular weight of 104; therefore when c = 1 there 
must be 104 grams of the substance in one liter of 
solution or, in other words, c = 1 for a 10.4% solution. 
The K,, constant was found to be 1.9 X 10~‘ for the 


styrol polymers. For rubber, guttapercha, and balata 
the base molar concentration is 6.8% (repeating unit 
—C;Hs—, mol. wt., 68) and the K,, constant is 3.8 X 
10-* (dilute solutions in benzol, toluol, tetralin). 

This viscosity law was checked against other methods 
and was found to hold quite well for a number of homolo- 
gous series. As already stated, most of the more 
commonly available methods do not give reliable results 
when the molecular weight rises above 10,000. By us- 
ing the K,, value found for the lower members of a 
series of linear macromolecules Staudinger extended his 
measurements to the higher members and by applying 
the equation determined the molecular weight. The 
number of carbon atoms in the chain can be calculated 
from the molecular weight and, by assuming an ex- 
tended form for the molecule, its length can be reck- 
oned. Staudinger’s viscosity law is particularly valid 
for solutions of non-polar linear molecules in non-polar 
solvents. In certain cases of strongly polar molecules 
the relationship of viscosity to concentration does not 
remain approximately constant with varying concen- 
tration in dilute solution and therefore the viscosity 
law cannot be applied. ' ; 

14H. STAUDINGER, Book, /oc. cit.; also Z. Elektrochem., 40, 434 
(1934). 
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Other investigators have found that the viscosity 
relationship as a general relationship is quite valid but 
have suggested that the results for the higher members 
of a series are probably subject to considerable doubt.'5 
Of particular interest in this regard is the study of the 
polyoxydecanoic acids prepared by Carothers and van 
Natta.’* They found that the molecular weight for 
the polymers up to values of about 25,000 could be 
determined quite readily by titration. The values 
obtained were checked by Kraemer and van Natta!’ by 
the Svedberg ultra-centrifuge method and were found 
to be in good agreement. Comparison of the results of 
these two methods with those obtained for the same 
compounds by the viscosity method apparently gives 
reliable values up to about 16,000 but from this point 
up to 25,000 increasing errors appear. Carothers has 
suggested that the extremely high molecular weights 
obtained by Staudinger may therefore be very much 
in error. Staudinger has replied'® that the non-agree- 
ment found by them really occurs in the lower members 
of the series and is to be expected from such a highly co- 
ordinated molecule. He claims that if the data are 
correctly interpreted the best agreement is really 
obtained between the range from molecular weight 
16,000 up to 25,000. This can be seen from the fact 
that the specific viscosity for a single carbon atom, 
which in the case of the lowest molecular weight poly- 
mer (mol. wt., 780) is 3.1 X 10~%, sinks until for the 
product of molecular weight 9300 it has reached the 
value 1.4 X 10-% and remains constant from this point 
up to the compound of molecular weight 25,000. The 
theoretical value of this constant is 1.5 X 10~*%. It is 
obtained by dividing the specific viscosity of a solution 
of unit base molar concentration by the number of chain 
carbon atoms in the repeating unit. The theoretical 
value is that which is obtained in a simple hydrocarbon 
chain where the repeating unit is —CH,—.' By 
applying the viscosity equation to viscosities of rubber 
solutions Staudinger has obtained most interesting 
results for molecular weights of rubber. For natural 
rubber (unpurified Hevea crepe) a value of 180,000 was 
obtained, for purified rubber 88,000, for masticated 
rubber 20,000. The value for balata is about 40,000. 
As already pointed out, hydrogenated products were 
prepared which showed practically the same molecular 
weights as the original substance both for purified 
rubber and balata. Staudinger considers balata as 
having the cis-configuration and rubber the trans- 
configuration.”° 

Where such long molecules are present the solution 
for measurement must be kept quite low in concentra- 


15 A detailed discussion of recent literature is: given by H. 
STAUDINGER, Ber., 67, 92 (1934). 

16 W. H. CAROTHERS AND F. J. vAN Natta, J. Am. Chem. Soc., 
55, 4714 (1933). 

17 —. O. KRAEMER AND F. J. vAN Natta, J. Phys. Chem., 36, 
3186 (1932). 

18 H, STAUDINGER, Ber., 67, 97 (1934). 

19 H. SraupincER, ibid., 67, 99 (1934); Z. Elektrochem., 40, 
434 (19384). 

20 H. STAUDINGER, Book, loc. cit., p. 115. 
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tion because otherwise the free movement of the mole- 
cules is hindered and the value for 7,,/c is not constant 
for different values of c. For instance, for a rubber 
molecule of molecular weight 100,000 the length of the 
molecule is calculated as 6600 Angstrém units. In 
order that the molecule may have free movement in 
solution the concentration (in benzol solution) must be 
less than 0.16%. In view of the high viscosity of even 
dilute solutions the accuracy of the method does not 
suffer greatly on account of this limitation. In fact the 
limiting viscosity, corresponding to the viscosity of 
solution at the upper concentration limit, is theoretically 
the same for all members of a homologous series,*! no 
matter what the molecular weight. This limiting con- 
centration, which represents the boundary between sol 
and gel solution, is not sharply defined. It would be 
hard to believe that in a solution each molecule should 
limit itself strictly to an exact amount of free space. 
Thus we have a certain amount of crowding in solution 
just below the limiting concentration and this appears 
as a transition phase between sol and gel. 

The viscosity method of measuring molecular weights 
has a great advantage in that it is quite simple to oper- 
ate and requires no expensive apparatus. The only 
other method generally applicable to such high-molecu- 
lar-weight products, the Svedberg ultra-centrifuge 
method,?? is not yet fully developed and has the dis- 
advantages that the apparatus used is very expensive 
and the determination requires a considerable amount 
of time from a skilled operator. It could not, for in- 
stance, be used for control experiments in a manufactur- 
ing process, a purpose for which Staudinger’s viscosity 
method would be admirably suited. The viscosity 
method at present can be applied only to linear mole- 
cules and not to those of a so-called three-dimensional 
structure. Most of the naturally occurring high poly- 
mers appear, however, to belong to the linear type. 

A comparison of molecular weight with physical 
properties in a series of rubber fractions brings out a 
number of interesting relationships. The property of 
elasticity is due chiefly to the extreme length of the 
molecule in relation to its diameter and the, at normal 
temperature, so favorable intermolecular (lattice) 
forces.22 This explains the fact that hydrogenated 
rubber is elastic if it is of sufficiently high average mo- 
lecular weight. The same property has been observed 
in the high-molecular-weight styrol polymers at a 
temperature of about 100-120°C. 

The transformation of soluble into insoluble rubber 


21H, STAUDINGER, Book, loc. cit., p. 184. 

22 THe SvepBerG, Kolloid-Z., 51, 10 (1930); J. phys. radium, 
[7], 2, 227 (1931); R. SIGNER AND H. Gross, Helv. Chim. Acta, 17, 
59, 335 (1934). : 

23 Hf, STAUDINGER, Book, loc. cit., p. 121; E. SauTsr, Z. phystk. 
Chem., B21, 161 (1933). 
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comes as the result of reaction with oxygen by which 
two or more molecules are joined together through 
oxygen linkages. This appears to be similar to part of 
the action of sulfur in vulcanization. The change is 
not really reversible, as was formerly supposed, since 
the soluble form can only be obtained by a marked 
degradation of the insoluble material. Such a degrada- 
tion is obtained by mastication, through further reac- 
tion with oxygen and mechanical stress and adiabatic 
heat of compression. The part of the rubber molecule 
which is sensitive toward cracking is indicated in the 
following formula.*4 


CH; 


_cu,—d—cn—cu, cu, -b—cH—cH— 
This is the so-called allyl grouping in which the linkage 
between the indicated carbon atoms is rather weak. 
Hydrogenated rubber, which does not have this particu- 
lar structural grouping, is, as has been said, quite stable 
toward cracking. 

Staudinger’s studies of the chemical constitution of 
rubber have also led to a better understanding of the 
difficulties encountered in the preparation of synthetic 
rubber by the polymerization of butadiene and its 
derivatives. The products obtained in these reactions 
differ always more or less from natural rubber in that 
often insoluble products, which, however, can be made 
soluble by mastication, are obtained. The explanation 
is that under the generally applied reaction conditions 
the polymerization usually furnishes three-dimensional 
macromolecules instead of linear ones. 

The facts set forth indicate that the work of Staud- 
inger may be put to very practical use by the rubber 
industry and this possibility is not being overlooked in 
Germany. At the present time when every effort is 
being exerted to make that country more self-sufficient 
in order to offset adverse trade conditions, no stone is 
being left unturned where there is the possibility of 
making something at home which has until now been 
imported. The manufacture of synthetic rubber is of 
course not justified under normal economic trade condi- 
tions at the present time. If the unsatisfactory trade 
conditions in Germany continue to exist, however, she 
might be driven a long way in the attempt to attain as 
high a degree of self-sufficiency as possible. In that 
large and important field of the highly polymerized 
organic substances the ideas and the work of Staudinger 
already form a most remarkable basis and will certainly 
contribute to rapid development in the near future. 
With the support of a strong central government 
German organic chemical research may develop again 
in new directions which are of particular interest to 
American chemists. 


24 H. STAUDINGER, Book, loc. cit., p. 402. 





It is the man of science, eager to have his every opinion regenerated, his every idea rationalized, by drinking at 
the fountain ot py and devoting all the energies of his life to the cult of truth, not as he understands it, but as he does 


not understan 


it, that ought properly to be called a philosopher. 


To an earlier age knowledge was power—merely 


that and nothing more—to us it ts life and the summum bonum.—C. S. PEIRCE 





VISUAL DEMONSTRATION 
of the EVAPORATION of MERCURY’ 


WESLEY G. LEIGHTON ano PHILIP A. LEIGHTON 


ERCURY vapor is quite transparent to visible 
light and also to the near ultraviolet, with the 
exception of its striking absorption at \ 2537 

and 1849 A., which are the wave-lengths of mercury 
resonance. According to R. W. Wood! a beam of X 
2537 A. is reduced 50% in intensity in passing through a 
5-mm. layer of mercury vapor at room temperature 
(pb = ca. 0.001 mm.). Wood has also described cer- 
tain experiments which demonstrate this strong ab- 
sorption in a spectacular manner. Thus, a quartz 
flask, evacuated except for mercury vapor at room 
temperature, was photographed with mercury reso- 
nance radiation, with the result that the flask appeared 
to be perfectly opaque. Again mercury resonance 
radiation was allowed to fall on a barium platinocyanide 
screen, which fluoresced visibly. When air was bubbled 
through mercury at room temperature in an open bottle 
placed between the source and the screen, the vapor 
was observed to cast dense shadows on the fluorescent 
background. 

The latter experiment, with a convenient source of 
mercury resonance radiation, affords an impressive 
demonstration. The source used by Wood (loc. cit.) 
consisted of a quartz bulb filled with mercury vapor and 
placed in the exit beam from a quartz monochromator 
set at ) 2537 A. The vapor, excited by absorption 
of the core of the narrow band at \ 2537, re-emitted 
practically pure resonance radiation, which was used in 
the above-described experiments. 

This means of obtaining the resonance radiation is 
not sufficiently convenient for the average laboratory, 
nor does it give a high intensity. Fortunately, a con- 
venient and intense source of mercury resonance radia- 
tion is obtainable in the argon-mercury quartz lamp, 
various modifications of which have been on the market 
for several years. This type of lamp operates on a 
small transformer plugged into the 110-volt a.c. light- 
ing circuit, consumes less energy than an ordinary light 
globe (about 1/10th the energy of an ordinary quartz 
mercury arc), and is both steady and long lived.? 


* Contribution from the Chemical Laboratories of Stanford 
University and Claremont Colleges. 

1 Woop, Phil. Mag., [6], 23, $89 (1912); 
1933, pp. 590-1. 

2 Taytor, J. Chem. Physics, 2, No. 7, 377 (1934), in describing 
the properties of the rare-gas-mercury-vapor discharge, states 
that the lamp was found constant and reproducible over many 
hours, some diminution resulting after several hundred hours, 
due to the well-known deterioration of quartz in the presence 
of excited Hg atoms. This is consistent with our experience in 
that an argon-mercury quartz lamp used some 1000 hours over 
a period of more than two years, still compares favorably in 
intensity with a new lamp. A slight discoloration has ap- 
peared, being most pronounced near the electrodes. 


‘Physical optics,’’ 


Figure 1 shows the relative intensities at various 
wave-lengths available from an argon-mercury quartz 
lamp as determined by one of us with a quartz mono- 
chromator and thermopile-galvanometer system. The 
values given represent the average for three lamps, and 
are corrected for the variations in image length and 
change in transmission of the monochromator with 
wave-length.* These intensities are in accord with 
similar data given in the literature.‘ 

It is evident from Figure 1 that a large proportion 
(88%) of the total radiation from the lamp lies in the 


88.0% 





Relative Intensity. 
S$ 8 §$ 8 8 


to 
Oo 


_ 
S 








OL ses a ry 
5790 5461 ror 4047 3663 3132 
3 








2537 
4078 3650 3126 


2967 
Wave-length, A. 


FicureE 1.—RELATIVE INTENSITIES OF THE PRINCIPAL 
Lines EMITTED BY THE MERcURY-ARGON LAMP 


The resonance line at 1849 A. is also emitted, but is ab- 
sorbed by air, with production of ozone. 


region of \ 2537 A,, and it is equally evident from Plate 
I that this radiation consists almost entirely of the 
non-reversed resonance line, without the wings which 
this line possesses when obtained from an ordinary 


3 The lamps described were furnished by the Ultraviolet 
Technical Laboratories (Los Angeles). They contain a blend of 
rare gases, principally argon and neon, and are apparently similar 
in performance and characteristics to the Sc 2537 lamp recently 
developed by the Hanovia Chemical and Manufacturing Co. for 
use asa source in producing Raman spectra. 

4 CoBLENTZ, J. Am. Med. Assoc., POT, 1966 (1931); Hanovia 
Chem. and Mfg. Co., circular describing the Sc 2537 lamp. 
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mercury arc, and is therefore capable of being ab- 
sorbed by cool mercury vapor (Plate I, c and d). 
Also it is seen that the argon-mercury lamp is useful as a 
direct source of mercury resonance radiation, with no 
need of filters or optical system.* 


> st Y 
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PLATE I.—SPECTROGRAM SHOWING SELECTIVE ABSORPTION 
In MeRcuRY VAPOR AT ) 2537 A. 


a. Ordinary mercury arc. 

b. Argon-mercury vapor discharge. 

c. Same as (b), but with a dish of mercury in the spec- 
trograph. Note the complete absorption of the resonance 
line, \ 2537 A., by the mercury vapor. 

d. Continuous hydrogen discharge, with mercury vapor 
in the spectrograph, showing the selective nature of the 
absorption. 

e. Same as (d), but with no mercury vapor in the light 
path. 


VISUAL AND PHOTOGRAPHIC DEMONSTRATION OF 
THE EVAPORATION OF MERCURY 


To demonstrate visually the evaporation of mercury, 
it is merely necessary to place an open vessel of the 
metal between an argon-mercury lamp and a screen 
coated with anthracene, uranyl sulfate, willemite, or 
other material with which visible fluorescence is excited 
by ultra-violet light at \ 2537 A. Even at room tem- 
perature mercury vapor is swept out of the dish in 
clouds sufficient to absorb the resonance radiation 
strongly, and therefore to cast shadows on the fluores- 
cent background. It is desirable, but not necessary, 
to darken the room in order to secure the greatest pos- 
sible contrast. Abundant clouds appear if a stream of 
air is passed slowly over the mercury surface. The 
effect becomes most striking if both the convection 
currents and also the rate of evaporation of mercury 
are increased by warming the dish a few degrees, say to 
40-60°C. 

Under the latter conditions the contrast and intensity 
prove great enough to photograph the phenomenon. 
Plate Ila is a photograph of an anthracene screen and 
beaker of mercury (40-50°C.) in white light. Plate 
IIb is the same scene but with the screen illuminated by 
three 5-inch, 30-watt argon-mercury quartz lamps‘ 
mounted close to each other and at 60 cm. from the 


* To avoid possible injury to the eyes, the lamp should be 
partially enclosed or shielded. A pair of glasses should be worn 
or a glass plate held in front of the eyes when it is necessary to look 
directly at the arc. 
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screen. This picture, which except for motion, shows 
the vapor shadows practically as they appear to the 
eye, was obtained on Eastman supersensitive pan- 
chromatic film, at an exposure of 1/20 sec., with a glass 
(Elmar) lens of relative aperture f 3.5. The actual 
experiment, in which the shadows are observed 
rising like smoke, naturally produces a more profound 
sensation than do the photographs, which cannot show 
the motion. 

Should one speculate as to what the eye would see 
if it were adaptable to radiation at \ 2537 A., the 
answer is contained in the photographs of Plate III. 
These were taken with mercury resonance radiation 
using a quartz lens, transparent to d 2537 A., and focused 
approximately at this wave-length by means of the 
image obtained on a fluorescent screen at the focal 
plane of the camera. <A piece of white Bristol board 


a. b. 


PLATE II.—PHOTOGRAPHIC REPRODUCTION OF THE VISUAL 
DEMONSTRATION OF THE EVAPORATION OF MERCURY 


a. Beaker of mercury (at 50°C.) in front of an anthracene 
screen, photographed in white light, with a glass lens, showing 
the complete absence of shadows as is obviously to be expected, 
if the rising vapor is truly gaseous and not a fog of condensed 
droplets. 


b. Photograph (with glass lens) of mercury vapor shadows 
on the fluorescent anthracene screen, showing how the effect 
appears to the eye, when the scene of (a) is irradiated with 
mercury resonance radiation from three argon-mercury lamps. 


was placed behind the beaker of mercury to obtain a 
background of diffused resonance radiation (\ 2537 A.) 
instead of the visible fluorescence of the anthracene 
screen used above, when irradiated with the argon- 
mercury source. Plate IIIa, taken with three lamps 
so close to the screen that no vapor shadow was formed, 
shows the mercury vapor itself as a silhouette, rising 
directly from the beaker of mercury. Re-radiation of 
the resonance line by the vapor, which might produce 
a white cloud on direct exposure to the lamps, is ex- 
tinguished in the presence of air. In Plate IIIb, the 
lamps were placed farther away and close together 





Marcu, 1935 


(as in case of IIb) so as to give a shadow on the screen 
as well as a silhouette of the vapor. In both cases an 
Eastman 50 plate was used, an exposure of 1/10th sec. 
at relative aperture f 7.5 sufficing. As before, the mer- 
cury was heated to 40-50°C. to intensify the effect. 
It is scarcely necessary to remark that the eye sees 
neither the silhouette nor the shadow when the non- 
fluorescent white board is used as the background, al- 
though both of these may be viewed on a small willemite 
screen placed at the focal plane of the camera. 


a. b. 


PLaTeE III.—DirEcT PHOTOGRAPHS OF MERCURY VAPOR 
WITH RESONANCE RADIATION 


a. Silhouette of vapor rising from liquid mercury at 50°C. 
A screen of white Bristol board formed the background. This 
was irradiated with three argon-mercury lamps placed close 
to the screen. The camera was equipped with a quartz lens 
to transmit the radiation at \ 2537 A., reflected from the white 
screen. 

b. Silhouette and shadow of vapor, obtained as in (a), 
excepting that the lamps were placed at a distance sufficient 
to cast a shadow of the vapor onto the background. At the 
same time the vapor itself was silhouetted by the reflected 
resonance radiation. Neither of the effects in (a) and (d) 
were visible to the eye. 


For the visual demonstration, the most brilliant 
screen which we have tried was made by simply rubbing 
finely powdered fluorescent willemite on rough white 
paper or on finely woven cloth. A brilliantly fluoresc- 
ing anthracene screen may be similarly prepared. A 
more permanent willemite screen was made by spread- 
ing the dry powder over a moist film of water-glass on 
Bristol board.’ Finely powdered crude anthracene 
(Kahlbaum’s kaufliches Anthracen) was successfully 
sprayed on Bristol board, using Midland cellulose 
nitrate ‘“‘dope” diluted with ethyl acetate. When this 
coating was dry, the fluorescence was brightened by 
rubbing the surface with a cloth. The photographs of 
Plate II were obtained with such a screen because of its 
uniformity, although actually willemite gives greater 
contrast because its response to radiation at \ 2537 A. is 
greater. Uranyl sulfate may be applied by any of the 
above methods but is satisfactory only in compara- 

5 HEINEMAN, ROBERT E. S., University of Arizona, describes the 


successful preparation of a willemite screen by dusting the mineral 
on a wet lacquer surface. (Privately communicated.) 
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tively thick layers. Rhodamine-B dye may be applied 
in a dilute alcoholic solution, but its red fluorescence is 
not so desirable for visual demonstrations. However, 
with red-sensitive film, mediocre photographs similar 
to IIb were obtained. No doubt still other fluorescent 
materials could be used. 


TOXIC QUANTITIES OF MERCURY VAPOR IN THE AIR 


The visual demonstration of mercury evaporation 
should serve effectively to warn against careless in- 
difference in handling the metal. It is too easy to disre- 
gard a toxic vapor which we neither see nor smell. 
One notes with interest that Stock,® in a very emphatic 
paper on the subject of mercury poisoning, asserts that 
many chemists and physicists have suffered from 
chronic mercury poisoning without being aware of the 
cause of their disorders. He names Faraday and Pascal 
as examples, basing this statement on symptoms said 
to be revealed in their biographies. The same author 
points out the need for proper ventilation, particularly 
in rooms in which one may be exposed daily to small 
traces of mercury vapor. Air saturated with mer- 
cury vapor contains 0.015 mg. of the metal per liter of 
air at 20°C., while at 30°C. this is approximately 
doubled. It is improbable that anything approaching 
saturation would be reached in the atmosphere of a 
room, but on the other hand according to standard 
references’ a concentration as small as 0.0007 mg. of Hg 
per liter, with daily exposure of 3 to 5 hours, is said to 
produce symptoms of chronic mercury poisoning after 
2 or 3 months or longer, the daily absorption being 
estimated at 0.8 to 1.3 mg. 


ANALYTICAL APPLICATIONS 


The visual demonstration described serves as a very 
sensitive and instantaneous method of detecting small 
quantities of mercury, either metallic or combined, 
simply by observing the shadows due to mercury vapor 
rising from a heated sample. Mercurous salts are 
found to give dense vapor shadows at temperature 
ranges lower than those required for mercuric salts, 
probably due to displacement of the theoretical equilib- 
rium, 

Heat 
Hg.2X. == Hg { + HgX2. 

Bivalent mercury may of course be reduced to the 
mercurous state or to the free metal to enhance the 
thermal effects. One is amazed at the definite though 
brief shadows obtained by heating objects such as old 
locker keys, old wire, and even bits of dust from chemical 
laboratories in which mercury has been used. Simi- 
larly, personal articles of jewelry, such as rings and 
watch chains, are found to reveal whether the wearer 
has been a frequenter of the laboratory or has otherwise 
been exposed to mercury. Pure metals such as Fe, 
Cu, Pb, Zn, Sn, and Cd do not interfere, but any vapor 

6 Stock, Z. angew. Chem., 39, 461 (1926). 

7 HENDERSON AND HaGGarp, “Noxious gases,’ Chem. Cat. 


Monograph, 35, 1927, pp. 177-182; SoLzMaN, “‘Manual of Phar- 
macology,’’ Saunders, 1926, p. 1033. 
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(such as benzene) which absorbs in the region of \ 
2537 A. will cause some confusion. In this latter case 
the spectrographic method, illustrated in Plate Id, is 
preferable. 

Finally, a quantitative estimation of small concen- 
trations of mercury vapor (say, of the order of 1 micro- 
gram of mercury per liter of air) is feasible by use of 
the double photocell method of Hughes and Thomas,? 
or more simply, by means of a fluorescence photometer 
in which the intensity of fluorescence produced by 
the resonance radiation after it has passed through a 
known length of the air sample, is compared with a 


8 HUGHES AND Tuomas, Phys. Rev., 30, 466 (1927). 
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standard intensity, either visually or by photocell. 

The extreme sensitivity and rapidity of the visual 
method should make it especially useful in such prob- 
lems as the detection of mercury in cosmetics, in me- 
dicinal preparations, and in excreta, both as a qualita- 
tive tool and also as a means of studying the adequacy of 
chemical operations involving the quantitative estima- 
tion of small quantities of mercury. By performing 
tests in an atmosphere of nitrogen or hydrogen, which 
transmit the line at \ 1849 A., the sensitivity should be 
made even greater. : 

The authors will report elsewhere in further detail on 
these analytical applications. 





A STUDENTS’ GAS-DENSITY 


BALANCE 


C. C. COFFIN 


Dalhousie University, Halifax, Canada 


CCORDING to the gas laws the density of a gas 
Fer constant temperature is proportional to its 
pressure. The buoyant effect upon a body im- 
mersed in a gas is proportional to the density of the gas 
and therefore also to its pressure. Thus if two gases 
at different pressures have the same buoyant effect 
upon a body their densities are equal and their molecu- 
lar weights are inversely proportional to their respec- 
tive pressures. An apparatus for determining the con- 
ditions under which different gases have the same 
buoyant effect is known as a gas-density balance. 











aA 6 
ES TREE 


Such a balance constructed of standard materials 
obtainable in any stock room has been found to add a 
rapid and instructive experiment to the ordinary labo- 
ratory work in undergraduate physical chemistry. 
Longitudinal and cross-sections of the balance are 
shown in the accompanying diagram. The case is a 
bell jar 40 X 15 cm. (a large pyrex test-tube would 
serve as well) closed by a rubber stopper and connected 
by tubes T to a manometer, gas supply, and vacuum. 


The large stopper carries a tight-fitting 2” glass tube 
which eliminates enough rubber to prevent the stopper 
from being sucked in when there is a vacuum in the 
case. The float F is an evacuated 240-cc. Dumas bulb 
fused to the balance beam, which is constructed as 
shown from light glass tubing. Two small brass bind- 
ing posts B sealed into the ends of the glass crosspiece 
with de Khotinsky cement carry the steel sewing 
needles N which support the moving system. The 
needle points bear upon a horizontal glass plate (lantern 
slide cover glass) G stuck with melted wax to a block of 
paraffin wax W of such dimensions that when its edges 
rest on the sides of the balance case the crosspiece of 
the beam is approximately equidistant from the top 
and bottom of the case. A double-wing lock-nut Z on 
a short length of threaded brass fixed into the glass 
pointer arm with de Khotinsky cement serves as an 
adjustable counter-weight to the float. The pointer 
swings over a vertical milk-glass scale S (from a broken 
thermometer) fastened with de Khotinsky cement at 
its lower end to a glass rod R, the other end of which is 
embedded in the paraffin block. This rod serves as a 
handle by which the balance may be slipped in or out 
of the case. \ 

The balance is assembled and adjusted outside the 
case. The maximum sensitivity is of course obtained 
by having the center of gravity of the moving system as 
high as possible. It is surprisingly easy to approach 
very closely to unstable equilibrium by simply adjust- 
ing the needles in the binding posts. A small brass 
connector on the upper part of one of the needles may 
be added as a convenient fine adjustment. By means 
of the glass rod R the paraffin block carrying the bal- 
ance is carefully pushed in until there is room for the 
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rubber stopper. A thermometer is placed inside so 
that its bulb is near the balance float and in such a po- 
sition that it can be read from outside the case. The 
glass plate is leveled by turning the bell jar, the pointer 
is moved so that it will be close to but not touching the 
scale, and the stopper is inserted and pushed into place. 

When properly set up the system is so stable to or- 
dinary treatment that it is very seldom necessary to 
remove the large stopper for readjustment—an im- 
portant consideration in connection with leakage diffi- 
culties. Any minor derangement (side slipping of the 
needles, pointer fouling scale, etc.) can usually be cor- 
rected by tilting and tapping the case. The whole 
balance has on several occasions been carried from one 
table to another without the necessity of opening the 
case for readjustment. 

Dry dust-free air is of course used as the reference 
gas—the ratio of the density of the ‘‘unknown”’ gas to 
that of air being inversely proportional to the respec- 
tive pressures at which balance is obtained. In prac- 
tice it is found convenient to determine the rest points 
(by the method of swings) in air at several slightly 
different pressures not far from atmospheric. The 


143 


graph of rest point against pressure then gives at once 
the pressure of air corresponding to the first rest point 
which happens to occur when the case is filled with the 
gas whose density is being determined. The use of a 
good manometer is justified in that the sensitivity of the 
balance is readily adjusted to well within one scale divi- 
sion (approximately 1 mm.) per mm. of mercury. Lack 
of temperature control is the main source of error. This 
can be minimized by keeping the case covered during a 
series of measurements with a blanket of insulating ma- 
terial such as hair-felt. A serious error frequently 
arises from failure to flush out the balance case suffi- 
ciently with the gas being investigated. 

The purity and variety of the tank gases (Oz, COs, 
SOz, C2He, NHs3, etc.) now available afford the student 
a wide range of convenient material with which to 
work. An instructive variation of the experiment is 
the analysis of two component mixtures. Students 
appear to find the simplicity and precision of the density 
balance rather refreshing after an experience with the 
laborious direct weighing method. The experiment 
affords a good object lesson of the importance of correct- 
ing for air buoyancy in making absolute weighings. 





GRAVESTONES OF THREE MASTER ORGANIC CHEMISTS 


This monument does not make thee famous, O Euripedes, but thou makest this monument famous. 


Courtesy of Prof. Karl Freudenberg, Heidelberg 


VICTOR MEYER 


Born September 8, 1848 
Died August 8, 1897 
Buried at Heidelberg 


Courtesy of Prof. Hermann Fischer, Basel 


EMIL FISCHER 


Born October 9, 1852 
Died July 15, 1919 
Buried at Wannsee, near Berlin 


(Anon.) 


Courtesy of Prof. Paul Pfeiffer, Bonn 


FRIEDRICH AUGUST KEKULE 


Born September 7, 1829 
Died July 13, 1896 
Buried at Poppelsdorf, near Bonn 


Contributed by Ratpu E. Orsper, Cincinnati 





MATHEMATICAL PROBLEM PAGE 


Directed by EDWARD L. HAENISCH 


Montana State College, Bozeman, Montana 


HE PAGE for this month will be devoted to a 

review of the simple essentials of calculus. The 

formulas for the most used differentiations and 
integrations are assembled here for convenience. For 
their derivation and application, the reader is referred 
to any standard text or the references quoted below. 


FORMULAS OF DIFFERENTIATION 
(u and v are functions of x) 
constant dy =0 
dx 
dy 
* dx 
dy 
v = = 
e+ dx 
dy 
dx 
dy 
dx 
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* 4 
v dx 
- dy 
dx 
dy 
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FORMULAS OF INTEGRATION 
: f kdx = kx +c 
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x 
2. f vde = 75 +6 


3 & ms +6 


except form = —1. 
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5. Sf (udu + vido + wan) = fiudut firdo + f wd 
Xe 


x2 dx 
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6. 


More complicated integrations can be carried out by references 
to tables such as those in the ‘‘Handbook’”’ or Peirce’s ‘“Tables.” 
REFERENCES 
DaniEts: Chapters VII, VIII, XI, XIV. 

MeEttor: Chapters I, IV. 


PROBLEMS 


«4 OY, 
1. Find ax 
(a) y = x73 + 5x8 + 3x2 + 2 
* The symbol, In, is used for logarithms to the base ‘‘e”’ while 
“‘log’’ refers to logarithms to base 10. Thus, In x = 2,303 log x. 


(b) y = x(x? + x) 
(c) y = (x? + 2)3 

_xit2e+1 
(d) Maia”; ae 
(e) y = logx 


2. Carry out the integrations: 


(a) ¥ (4x3 + 5x5) dx 


Work = J pdv. Calculate the amount of work done when 
0.2 mole of a perfect gas (pv = nRT) expands isothermally at 
a temperature of 25°C. from a pressure of 10 atm. to a pres- 
sure of 2 atm. Express the answer in calories, cm.* atm., 
and joules. 

The approximate form of the Clausius-Clapeyron equation 

dp _AH,,P : - ; 

aT Rr Integrate this equation assuming AH, 
(the molal heat of vaporization) to be a constant. The 
vapor pressure of benzene at 40.0°C. is 181.1 mm.; at 
70.0°C., 547.4 mm. Calculate the value of AH,, for ben- 
zene. 

The molal heat capacity at constant pressure (Cp) of CO, 
is 7.0 + 0.00717 — 0.000001867%. How many calories of 
heat will be required to heat 25 grams of CO: from 31°C. 
to 94°C.? 

The volume of a gram of water is nearly 1 + a(t — 4)? where 
aisaconstant = 8.38 X 10-®. Calculate the value of the 
coefficient of cubical expansion for water at 25°C. 


is 


SOLUTIONS TO PROBLEMS IN FEBRUARY ISSUE 


(a) 1211.1 + 0.7641 + 1.12 = 1213.0 

(b) 7516 X 1.81 XK 0.2954 = 2.91 

(c) (1.276 X 0.00056) — (1.2 X 107%) — (0.0023456 x 
0.0128) = 0.0019 


Temperature Deviation (d) d? 
.161 0.002 
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=(d) = 0.031 =(d?) = 0.000143 
= 143 X 10-6 


average deviation of a single temp. = + 0. st 


. 0.0028 
Vii 


= + 0.0028 


= + 0.00084 


average deviation of arith. mean = 
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143 X 107° 
te I 


imean square error of single temp. = + \ 


mean square error of arith. mean = 


probable error of a single temp. = + 0.6745 X 0.0038 = + 0.0026 
0.0026 _ = 0.00078 
Vii 


(Notice that errors are usually quoted to two significant figures.) 


probable error of arith. mean = + 


3. The smallest volume we can use to attain 1/,000 precision is 
20.00 (+0.02). 20.00 cc. of 0.1000 normal K2Cr.O; is equiva- 
lent to 20.00 X 0.1000 X 55.84 mg. of iron, or 111.6 mg. 
This corresponds to 1.116 g. of original sample. Notice 
that to attain the desired precision it would be necessary 
to weigh only to the closest mg. 

The value 0.1032 seems to be in error. 


Deviation 
0.0001 
0.0001 
0.0002 
0.0002 


t 


0.1041 
0.1043 
0.1044 
0.1040 


Av. = 0.1042 Av. Dev. = 0.00015 


The value 0.1032 deviates 
from the average by 0.0010, 
which is more than four 
times the average deviation 
and can therefore be dis- 
carded. The normality of 
the acid is 0.1042. 

Figure 1 shows a plot of y= 
Ke-"*** against x with vary- 
ing values of K. Figure 2 
shows a similar plot with h 
variable; Figure 3 gives the 
probability curves when 
both 4 and K are varied. In 
Figure 1, the larger the 


—x 0 +x 


FicurE 1. (hf, constant; 
K, variable) 
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value of K, the higher the curve cuts the y axis; 7. e., the 
more frequently the arithmetic mean occurs as a value in 
a set of observations. In Figure 2, the greater the value of h, 
the steeper the curves and the less frequent the occurrence 
of large errors. Thus h is the modulus of precision. (See 
MELLoR: pp. 512-3.) 


0 +x 


Ficure 2. (K, constant; h, variable). 


0 


FicureE 3. (hand K variable). 





LAMBDA DELTA LAMBDA 


LAMBDA DELTA LAMBDA Physical Science 
Fraternity was organized at Fairmont State Teachers 
College, Fairmont, West Va., in 1925 by H. F. Rogers, 
professor of chemistry, as an honor society for chem- 
istry students. It has since been expanded to include 
physics and mathematics. Members are elected solely 
on a basis of scholarship. 

In 19380 the fraternity was organized on a national 
basis and since then has established chapters at the 
following institutions: Nebraska State Teachers Col- 
lege, Wayne, Nebraska; Western State College, 
Gunnison, Colorado; State Teachers College, San 
Diego, California; Nebraska State Teachers College, 
Kearney, Nebraska; Arkansas State Teachers College, 
Conway, Arkansas; Louisiana State Normal College, 
Natchitoches, Louisiana; Iowa State Teachers College, 
Cedar Falls, Iowa; Arizona State Teachers College, 


Tempe, Arizona; and Peru State Teachers College, 
Peru, Nebraska. Only colléges for teachers that are 
members of the American Association of Teachers 
Colleges, or other recognized association, such as the 
North Central Association of Colleges and Secondary 
Schools, are eligible to petition for chapter membership. 

The fraternity publishes a magazine, The Filter, 
which contains articles of general scientific interest as 
well as fraternity news. It is edited by the secretary. 

The officers of Lambda Delta Lambda'are: Presi- 
dent, Cleo D. Haught, Fairmont State Teachers College, 
Fairmont, W. Va.; Vice President, Dr. R. W. Getchell, 
Iowa State Teachers College, Cedar Falls, Iowa; 
Secretary, R. Ryland White, 206 Naomi St., Fairmont, 
West Va.; and Treasurer, Argyle W. Yost, Farmington, 
West Va. All communications should be addressed 
to the secretary. 
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KEEPING UP WITH CHEMISTRY 


The weighing of gases—a dynamic problem. W. WESTPHAL. 
Z. phystk. chem. Unterricht, 47, 260-1 (Nov.-Dec., 1934).—The 
author discusses mathematically and graphically the effects of 
collisions between gaseous molecules and the walls of a vessel 
when the second collision takes place (1) at the same wall, and (2) 
at the opposite wall. His explanations also give the basis for the 
derivation of the barometric height formula. hes 

The origin of the metallic odor and metallic taste. E. Ravs. 
Z. angew. Chem., 41, 673-5 (Sept. 29, 1934).—Upon the basis of a 
number of experiments the author comes to the following con- 
clusions: 1. Metals and their alloys have neither odor nor taste. 
2. Some metals (silver and copper) and their alloys may acquire 
odor and taste because of the formation of chemical compounds 
in the presence of sulfur compounds of the mercaptan or thioether 
groups. 3. The compounds described in (2) cannot be removed 
from the surface of the metal by the usual mechanical cleaning 
agents. They can be removed, however, by very dilute HCl, and 
strong reducing agents, particularly nascent H. This treatment 
rids the metals again of any odor or taste. 1 Oe 

The chemist and national defense. J. D. Pratr. Chemistry & 
Industry, 53, 861-4 (Oct. 19, 1934).—Since the industrial re- 
sources of the nation are involved in modern war all chemists may 
be said to have a hand in national defense in war time. This 
paper, however, is concerned with the specific problem of defense 
of the civil population against gas attacks from the air. Educa- 
tion of the general public on the ways and means of protection 
against such attacks is a goal toward which to work. This knowl- 
edge is important in spite of the Geneva Protocol. Rooms which 
may be protected from gas should be present in every house and 
building. People should repair to these when a gas attack begins 
and remain there until the ‘‘all clear’’ signal is given. Public gas- 
proof shelters should be provided for people caught on the streets. 
Gas masks and liquid- and gas-proof clothing should be provided 
for those who must remain in the open. The problem of decon- 
tamination of inanimate objects is also one of grave importance. 

E. R. W. 


The sea that played possum. ANoNn. Ind. Bull., Arthur 
D. Little, Inc., 96, 2-3 (Dec., 1934).—So well has the “Dead 
Sea” ‘“‘played possum” that for generations the world regarded 
it as dead. Within the last years so many things have happened 
on its shores that today it is a thing of life, ‘‘pulsating with 
health and conferring benefits upon thousands of human beings.” 
Numerous analyses have proved it to be a vast potential source 
of common salt, potash, and bromine. The Palestine Potash, 
Limited, started work in 1930 with astonishing results. It has 
been stated that if potash from no other source were avail- 
able the quantity existing in the Dead Sea would supply the 
world’s requirements for over 2000 years. Shipment is made by 
motor truck to Jerusalem, 25 miles away, and then by rail to 
the docks of Haifa, some 115 miles in all. The mineral resources 
of the Sea are computed as follows: 


Millions of Tons 
22,000 
11,000 

5,000 
2,000 
1,000 


Magnesium Chloride 
Sodium Chloride 
Calcium Chloride 
Potassium Chloride 
Magnesium Bromide 


Astonishing as are these values, more remarkable is the status of 


the Dead Sea as a health resort. The remarkable healthfulness 
of the northern shores of the Dead Sea is due to several factors, 
one of which is the unique fact that 1300 feet below sea level the 
air is denser, so much so that 6% more oxygen is brought into the 
lungs with each breath than is the case at sea level. There i is an 
absence of fog in this area making an extraordinarily _ eg 


atmosphere. 


Heavy hydrogen’s great use in tracing atoms. H. C. Urzy. 
Sct. News-Letter, 26, 323 (Nov. 24, 1934).—Heavy hydrogen is 
important: to the chemist, because it enables him to trace the 
course of chemical reactions; to the physicists as a new atomic 
nucleus which as a target may yield new secrets of atomic nuclei; 
and to the biologists as a constituent of water, a substance so 
universal in the functioning of all forms of life. B,C. e. 

Hydrogen’s heavy twin. W. Davis. Sci. News-Letler, 26, 
324-5 (Nov. 24, 1934) .—Hydrogen is characterized as com- 
parable with carbon in its importance in naturally occurring 
substances. Deuterium is ranked as ‘‘among the great dis- 
coveries of science.” Its existence was predicted by both 
Professors H. L. Johnson and H. C. Urey in August, 1931. It 
was Dr. Urey, however, who, with Brickwedde and Murphy, 
later isolated it in sufficient quantity to establish its identity. 
It was named to indicate its mass as double that of ordinary, now 
called protium, hydrogen. B: Coe. 

New compounds improve lubricating oils. ANon. Chem. 
& Met. Eng., 41, 650 (Dec., 1934).—A crank-case oil should 
have the following characteristics: (1) low consumption; (2) 
low carbon and sludge-forming tendency; (8) ability to give safe 
lubrication; (4) ability to maintain piston seal; (5) free flow in cold 
weather. To do this motor oils with viscosity indices of 120 and 
upward must be produced. The net result of studies to date has 
been the strengthening of the conclusion that the highest possible 
degree of paraffinicity is needed to obtain these high viscosity 
indices. The product most desired is some sort of isoparaffinic 
material of relatively high molecular weight which is not handi- 
capped by a high solidification point. Extensive research has 
recently led to the development of such materials by the poly- 
merization of the light ends of refinery gasoline. The product is 
called ‘“‘Exanal.”” It can be made with molecular weights up to 
many thousands, with a wide range of viscosities. It does not 
appreciably alter the other commonly measured physical and 
chemical properties of the petroleum products to which it is 
added. J. Wi. 

Silver may solve your corrosion problem. B. A. RoGERs. 
Chem. & Met. Eng., 41, 631-4 (Dec., 1934).—Silver has the 
highest electrical and thermal conductivity of any metal, ex- 
ceeding the corresponding values for copper by approximately 
7%. Ithasa relatively low specific heat. Its most conspicuous 
mechanical properties are its softness and ductility in the an- 
nealed condition. It is well adapted to fabricating operations 
such as spinning, stamping, drawing, and the like. The metal is 
readily soldered with either soft solder or silver solder and may 
be joined by autogenous gas welding without particular difficulty. 
Sterling and coin silver are inferior to fine silver in their resistance 
to corrosion, but superior in strength. 

The simplest and most common type of silver equipment is 
made entirely of silver. Its principal drawbacks are low tensile 
strength and low annealing temperature. Three different kinds 
of lined equipment are used. These are (1) linings which are 
fitted in without being permanently attached to the outer wall, 
(2) electrodeposited linings, and (8) duplex metal walls. 
(2) and (8) are superior to (1) with respect to heat transmission 
but present a more difficult problem in the reclamation of silver 
after the equipment has completed its useful life. 

Cast silver equipment is not used in quantity. J. W. H. 

Mechanizing the production of superior casein. EDITORIAL 
Starr. Chem. & Met. Eng., 41, 645-6 (Dec., 1934).—On the 
basis of tonnage produced, casein is the most important by- 
product of the dairy industry. The casein complex is thoroughly 
dispersed in the whey of milk at a pH of 6.5 and precipitated 
when the milk is acidified to pH 4.6. Various acids may be 
used for this, hydrochloric being most generally used in the 
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U.S.A. Carrying out this acidification in batch lots is not as 
simple as it seems. The casein complex is precipitated as a soft 
curd which tends to occlude impurities. Some of the milk is 
overacidified, precipitating other milk proteins. More acid 
must then be added to the underacidified part remaining. The 
resulting product is therefore not uniform. 


HISTORICAL AND 


Madame Pierre Curie (Marie Sklodowska Curie). A. F. 
Kovarik. Am. J. Sci., 28, 464-6 (Dec., 1934).—Madame Pierre 
Curie was born of Polish parents Nov. 7, 1867; she died near 
Sallanches (Savoy) on July 4, 1934. Her father and mother 
were teachers. She engaged in private teaching for five years 
while she prepared herself for advanced work in physics and 
mathematics at the Sorbonne. She graduated from this institu- 
tion in 1895 at the head of her class in physics. In this same year 
she married Pierre Curie (1859-1906). In 1896 they started their 
work on radioactivity. In 1898 they discovered polonium and 
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The Sheffield process was developed to overcome this difficulty 
and provides for the continuous reaction between small quanti- 
ties of milk and acid. Ribbon conveyors are used for washing. 
The casein is then pressed between rolls, and forced through 
perforations into a tray. Final drying is effected by an air cur- 
rent of controlled temperature and humidity. ~ Ws Ee 


BIOGRAPHICAL 


radium. Pierre Curie was made professor of physics at the 
Sorbonne in 1904, and his wife succeeded him in this position 
upon his death in 1906. She is the only Nobel Laureate who has 
received two Nobel prizes. She did much patriotic work for 
France during the war. In 1921 she visited the United States 
where she was presented with a gram of radium and several 
honorary degrees. Her daughter and son-in-law, Iréne Curie and 
Frederich Joliot, and S. Rosenblum are carrying on important 
research work and have recently discovered the neutron and the 
phenomenon of artificial radioactivity. E.R. W. 


TEACHING OBJECTIVES, METHODS, AND SUGGESTIONS 


A new technique in teaching. T. W. Davis. The Chemist, 11, 
146-8 (Sept., 1984)—‘‘No major change in the technique of 
school teaching has taken place during a period of two thousand 
years.” It is proposed to use sound films for the presentation of 
the standardized basic principles in elementary courses. The 
finest lecturers would be used in preparing these films; the lec- 
tures would be rehearsed and appropriate demonstrations would 
be used to illustrate the lectures. A syllabus would be used to 


help correlate the work. The instructor would devote his time to 
conferences with students and to advanced classes where the flux 
of material prevents the standardization of material necessary 
for the production of successful films. ‘‘Released from the task 
of imparting factual knowledge, the instructor could devote him- 
self to teaching methods and attitudes, in other words, to student 
training in the broader sense.” E. R. W. 


ADMINISTRATIVE PROBLEMS AND DEVICES; CURRICULA 


Chemistry at Colorado College. F. W. Dovuctas. The 
Chemist, 11, 171-5 (Oct., 1934) eM College was estab- 
lished at Colorado Springs in 1874 and from the date of its 
opening in 1880 instruction in chemistry has been offered. 
The present laboratory has been occupied since 1903. The 
college is operated on the plan bearing its name. The lower 
division of the college forms the “School of Arts and Sciences” 
which includes the first two years and is something like a junior 
college. The upper division, which includes the last two years, is 
divided into three schools, Natural Sciences, Social Sciences, and 
Letters and Fine Arts. The beginning chemistry for those who 
have had chemistry in high school is presented from the historical 
point of view. Especial effort is made to develop the scientific 
method of study. The structure of matter in gaseous, liquid, and 
solid forms, in solutions, and in colloidal dispersions is then pre- 
sented. This is followed by descriptive chemistry, emphasis 
being placed on industrial processes, and on the periodic relation- 
ships. The laboratory work is concerned chiefly with qualitative 
analysis. The sophomore year is devoted to quantitative analy- 
sis and the junior year is devoted to organic chemistry. Physical 
chemistry is given in the senior year. 

Because of the peculiar health conditions of the region many 
young people threatened with tuberculosis and certain other 
ailments are able to effect permanent cures while obtaining a 
college education. E.R. W. 

Report of the dean of Teachers College for the year ending 


June 30, 1934. W. F. Russexty. Teachers Coll. Record, 36, 
181-206 (Dec., 1934).—In this Report Dean Russell reviews 
the reasons for the abolition of special departments, and of 
the School of Education and the School of Practical Arts and the 
establishment of five divisions to take the place of the units 
abolished. The following five divisions were made: (1) Founda- 
tions of Education; (2) Organization and Administration of 
Education; (8) Individual Development and Guidance; (4) 
Instruction; and (5) Theories and Technics of Measurement and 
Research. 

Another part of the Report deals with the problem of differen- 
tiation of types of students, and the provisions made for regular 
and for part-time students. The Dean says in referring to the 
need of adapting courses for part-time students, ‘“‘We must not 
forget that Teachers College was founded primarily to serve the 
needs of the public schools of the City of New York.” 

A third part of the Report deals with the need for the estab- 
lishment of ‘‘a small Advanced School of Education for the de- 
velopment of an educational élite,’”’ with purposes somewhat 
similar to the present New College which is giving training to the 
undergraduate educationally élite. The Advanced School would 
have three departments: (1) Educational Research; (2) 
Professional Education; and (3) Practical Science. 

Another part of the Report refers to the differences in require- 
ments and purposes of the degrees Doctor of Philosophy and 
Doctor of Education. C. M. P. 


PROFESSIONAL 


Are there too many chemists? Epirorrat. Ind. Eng. 
Chem., 26, 702 (July, 1934).—-Similar questions are asked of all 
professions. A broad classification totals: chemists 37,068, law- 
yers 16,000, architects 22,000, dentists 71,000, physicians 153,800, 
mechanical, civil, and mining engineers 96,000, college professors 
62,000. Most professions appear to be overcrowded. When a 
specialist is needed in some field of chemistry, it is difficult to find 
the proper man, even though many chemists are without jobs. 
Interest in and appreciation of chemistry has been promoted by 
the Prize Essay Contest and the News Service. From 1928-32, 
1434 doctorates in chemistry were conferred, and 133 additional 
in chemical engineering. Last year there were 417 Ph.D.’s with 
probably 7000 B.S. degrees in chemistry. There are probably 
30,000 students in college with chemistry as their major. Many 


of these will not continue in chemistry and probably should have 
been advised to take up some other work. Yet some of our most 
successful chemists were in a similar condition in their early col- 
lege years. ‘‘This does not excuse us from striving to determine 
cardinal points in the proper education of a chemist, and if a 
student has no aptitude or fails in them, there would be strong 
reason to believe that he is training to no purpose.’’ Meanwhile, 
can we do better than strive to educate those who would study 
chemistry? Some will use their knowledge professionally, some 
may employ it only as a stepping stone to other things, and for 
some it will have only cultural value. Others will depend upon 
the acquired knowledge to guide them in determining when they 
require professional chemical service. After all, can too many 
people know too much about our science? D.C.L. 





RECENT BOOKS 


[GuipE To SouND Fitm.] “‘Sounp.” For use with the educa- 
tional sound pictures, ‘Sound Waves and Their Sources’ and 
“Fundamentals of Acoustics.” By the Educational Research 
Staff of Erpi Picture Consultants, New York City, in collabo- 
ration with Harvey B. Lemon and Hermann I. Schlesinger, 
The University of Chicago. The University of Chicago Press, 
Chicago, 1934. iv+39pp. l1lfigs. 14 X 20cm. $0.35. 


The booklet is a study guide to aid the teacher in preparing 
the class before the showing of the film which is to be used with 
it. It may also be used to advantage as a guide or outline for 
the preparation of an exploratory quiz or for a discussion before 
the film has been shown. A list of eighteen specific objectives 
is followed by six pages of informational material which is in- 
tended as preparation for the material of the films. A short 
topical outline of study materials is followed by two pages of 
suggestions on the best methods of using the films and of co- 
ordinating the materials presented in the guide. Twelve pages 
of material explanatory to various portions of the film are given 
for each film. In addition, numerous footnotes assist in making 
clear the material given in the films and in the study guide. 
Two pages of study references complete the booklet. 

This study guide is the third in the series of booklets prepared 
by the authors. [‘‘Energy and Its Transformations” and 
“‘Electrostatics’’? were described in Tuts JourNAL, 11, 128 
(Feb., 1934).] Like the others of the series, this booklet has 
been very carefully prepared. In remarkably clear and under- 
standable language the authors describe and explain the im- 
portant experiments, charts, and diagrams shown in the picture 
or in the study guide. Since the teacher will ordinarily not 


have seen the film (before it is shown before the class) these 
clear-cut explanations are absolutely indispensable in preparing 


the class for the showing of the film. The booklet can also be 
used to great advantage in guiding discussion after the showing 
of the film, and all teachers of physics will find it a most valuable 
aid in teaching the fundamentals of sound and acoustics. 


State Teacuers COLLEGE ip O. FRANK 
OsHkoOSsH, WISCONSIN 


E. J. Holmyard, Clifton College, 
x + 


CHEMISTRY FOR BEGINNERS. 
Bristol, England. J. M. Dent & Sons, London, 1934. 
223 pp. 8 plates and 62 figs. 13 X 19cm. $1.00. 


This volume is one of Dent’s Modern Science Series under the 
editorship of Prof. Holmyard, and was first published in 1930. 

In the introduction, the author states that his purpose is to 
introduce beginners to chemistry and to ‘“‘prepare them for the 
more serious progress represented by a school certificate course.’ 
While this little book is designed particularly for students in 
England, it has a much broader field. In particular it should be 
one of the choice companions of every teacher of elementary 
chemistry. 

With his rich background of knowledge and experience, Prof. 
Holmyard presents with authority an informal and sympathetic 
yet exceedingly interesting introduction to chemistry. In each 
chapter the descriptive material is followed in order by directions 
for experimentation, a summary, a set of searching questions, and 
a list of additional demonstrations with notes for the teacher. 
An example of the last-named division (No. 3, p. 168) is, “Show 
the action of the three mineral acids on a piece of cloth. The 
old story of the man who fell into a vat of boiling sulfuric acid 
and was dissolved is worth telling as a horrible warning.” (The 
reviewer cannot resist the temptation to include an American 
postscript to the effect that the sulfuric acid was marked “high 
in phosphorus” before being sold to the trade). 

The titles of the 10 chapters are as follows: 1. The Chemical 
Laboratory; 2. Chemical Changes, Mixtures and Compounds; 
8. Combustion or Burning; 4. Oxygen; 5. Hydrogen; 6. For- 
mulas and Equations; 7. Water; 8. Acids, Bases, and Salts; 
9. Carbon Dioxide; 10. The Air. 


The chemical picture of plant and animal growth is excellent, 
as is the discussion of atoms, molecules, formulas, and chemical 
philosophy. The treatment however, is conservative. The 
American reader finds refreshment in such terms as “clock 
glass” for ‘“‘watch glass” and “church warden pipe” for “clay 
pipe.” And, looking through English binoculars, we hesi- 
tate to demand expansion of (1) the statement (p. 94) that the 
commercial sources of hydrogen are limited to (a) steam plus 
red-hot iron, and (6) the electrolysis of water, or (2) the state- 
ment on page 83 that “soap is made by boiling mutton fat with 
a solution of caustic soda.” 

Many unique and useful demonstration experiments are in- 
cluded, and the entire book is enlivened by anecdotes of famous 
chemists. 

The following quotations will indicate the author’s very hu- 
man approach: 

‘The writer regrets to say that, seeing this experiment in prog- 
ress one day, he frivolously and surreptitiously added some hy- 
drogen to the oxygen in the tube. The master who afterwards 
tested the gas with a glowing splint obtained a quite unexpected 
result.” 

“Tt is an inexcusable mistake to say that plants ‘breathe in’ 
carbon dioxide and ‘breathe out’ oxygen. Such a statement is 
equivalent to saying that a man ‘breathes in’ roast beef and York- 
shire pudding.” 

‘Even those of us who have been teaching chemistry for more 
years than we care to remember, feel the same thrill of excitement 
in watching the sodium dart about on the water, that made the 
chemistry lesson something to look forward to when we ourselves 
were boys at school.” R. A. BAKER 


THe COLLEGE OF THE City OF NEW YORK 
New York City 


TaAvuToMERISM. John William Baker, D.Sc., Ph.D., A.R.C.S., 
F.I.C., Lecturer in Organic Chemistry in the University of 
Leeds. D. Van Nosirand Company, Inc., New York City, 
1934. viii +332 pp. 13.5 X 21.5cm. $9.00. 


This book is not what its title might seem to imply—an ex- 
haustive review of tautomeric phenomena and theories relating to 
them. It is an application of the terminology and symbolism of 
Ingold, Lapworth, Robinson, ef al., to a general discussion of 
tautomerism. 

The author states in his preface that “in attempting to deal 
with theories which are in such a fluid state of development, it has 
been considered desirable to adopt a single-minded viewpoint in 
order to maintain a continuity of argument throughout this mono- 
graph.” The result has been that the tail tends to wag the dog. 
A considerable amount of preliminary spadework on the Ingold 
theories is done before the author makes a serious attack on his 
ostensible subject. Throughout the monograph there are fre- 
quent digressions from tautomerism for the purpose of discussing 
or extending the Ingold theories. A fourteen-page appendix by 
Professor Ingold himself concludes the volume. 

The reader interested in tautomerism per se will scarcely find 
the monograph a convenient or comprehensive reference work, 
and the terminology will probably impress him as both cumber- 
some and obscure. 

On the other hand the reader who is primarily concerned with 
organic theories and who is already familiar with the Ingold 
terminology or is willing to make a serious effort to understand it 
will find the book interesting, though hardly light, reading. One 
could wish that somewhat greater stress had been laid upon com- 
parisons between individual members of series of compounds. 
Thus, while both acetyl acetone and benzoyl acetone are men- 
tioned in connection with keto-enol tautomerism no comment is 
made upon their respective degrees of enolization, and dibenzoyl 
methane is not even discussed. Otto REINMUTH 
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REPORT OF CONFERENCE ON SUPERVISED CORRESPONDENCE 
Stupy. Published for Teachers College, Columbia Univer- 
sity, by the International Textbook Co., Scranton, Pa., 1934. 
66 pp. 15 X 23cm. $0.25. 


The American Secondary School is confronted with two major 
problems of an opposing nature. One is the increasingly in- 
sistent demand for a broader curriculum that realistically pre- 
pares the pupil for the problems of life, and the other the necessity 
for operating the school economically... . 

The high-school administrator must then provide a broader, 
richer curriculum despite the fact that his budget is limited. 
At first glance, this seems impossible. It is difficult, if not im- 
possible, when only the traditional methods and technics of teach- 
ing are used. However, as in every emergency, ways are being 
developed to meet the situation. Through such means as 
utilization of community resources, increasing use of alternation 
of classes, circuit teachers, increased class size, reorganization of 
teaching materials, new divisions of labor between the classroom 
teacher and the author of text materials, individualizing of 
instructional materials, and use of supervised correspondence 
courses, it has been possible for many schools to maintain and 
broaden their offerings in a practical way. 

Among the most promising of these is the use of supervised 
correspondence courses. Through them it is possible for a school 
to provide a wide variety of courses from which to choose those 
adapted to the needs of particular students. Students thus can 
enter many fields which could not otherwise be taught economi- 
cally except in a few of the largest metropolitan high schools. 
This method of teaching has been developing rapidly, both in the 
United States and in foreign countries. 

Experimentation in this method of instruction has been carried 
on by scattered groups throughout the United States for several 
years. The purpose of the Teachers College conference of 
August, 1934, was to bring together those who had carried on 
experimentation to exchange ideas, standardize technics where 
practical, and to formulate policies regarding the use of super- 
vised Correspondence Study as a practical means of enriching the 
curriculum of American Secondary Schools. 

The report contains the following chapters: The Place and 
Purpose of Supervised Correspondence Study, Guidance and 
Supervised Correspondence Study, The Local Supervisor, The 
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Selection of Well-Constructed Courses, Accrediting Supervised 
Correspondence Study, Standardizing Cost Accounting, Initiat- 
ing a Program of Supervised Correspondence Study in the Local 
School, and Summary and Problems of Future Development. It 
also gives the names of participants in the conference, and a 
comprehensive annotated bibliography. 


RuBBER: ITs ANTI-OXIDANTS AND PRESERVATIVES. A bibliog- 
raphy compiled by the Science Library and the Research As- 
sociation of British Rubber Manufacturers. (Science Library 
Bibliographical Series No. 151.) London, 1934. Price, 5s. 
Od. net. Post free, 5s. 7d. 


As the Science Library has had the valuable help of the Neder- 
landsch Instituut voor Documentatie en Registratuur, Imperial 
Chemical Industries, and the Rijks Rubberdienst in addition to 
the advantage of collaboration with the Research Association of 
British Rubber Manufacturers in the compilation of this work, it 
is assuredly the most complete bibliography of its subject that 
has been issued. 

The scope of the work comprises such subjects as the theory of 
antioxidants, storage of rubber, corrosion and deterioration, 
absorption of water and other liquids, action of light, preservation 
in general, oil-, acid-, and liquid-resistant rubber, and antioxi- 
dants. The volume occupies some eighty pages and includes 
some fifteen hundred references. It is classified by the Universal 
Decimal Classification, the numbers used being controlled by 
preliminary classification of the entries at the Research Associa- 
tion of British Rubber Manufacturers. 

The work forms part of a series of bibliographies, now number- 
ing 151, on various branches of science and technology, which 
are prepared by the Science Library in response to individual 
demand, or on the occasion of special exhibitions. A complete 
list of titles is given at the end of this number. If these carefully 
prepared and extensive bibliographies were better known, they 
would save much time of research workers in collecting informa- 
tion on special subjects. 

To reduce the cost of preparation the publications are issued 
in mimeographed form. Copies of this or any number may be 
obtained direct from the Science Museum, South Kensington, 
London, S.W. 7. 





COMMITTEES OF THE DIVISION OF CHEMICAL EDUCATION OF THE A.C. S. 


Montgomery, Univ. of Alabama, University, Ala., Chairman; 
R. J. Grady, F. C. Irwin, E. E. Reid. 


Executive Committee: R. E. Swain, Stanford University, Calif., 
Chairman; R. D. Reed, N. W. Rakestraw, Virginia Bartow, 
O. Reinmuth, R. A. Baker, J. N. Swan, W. Segerblom. 

Naming and Scope of Committees: (Estd. 1927) W. Segerblom, 
Phillips Exeter Academy, Exeter, N. H., Chairman; N. W. 
Rakestraw, ex officio, A. J. Currier, J. C. Hessler, L. R. Little- 
ton, G. H. Whiteford. 

Correlation of High-school and College Chemisiry: (Estd. 1929) 
N. E. Gordon, The Johns Hopkins University, Homewood, 
Baltimore, Md., Chairman; L. W. Mattern, B. S. Hopkins, W. 
Segerblom. 

Chemical Education of the Non-collegiate Type: (Estd. 1928) 
R. E. Bowman, Wilmington High School, Wilmington, Del., 
Chairman; R. E. Rose, A. P. Tanberg, A. Rogers, M. Lawrence, 
H. A. Ernst. 

Examinations and Tests: (Estd. 1931) O.M. Smith, Oklahoma 
A. & M. College, Stillwater, Okla., Chairman; R. D. Reed, 
S. R. Powers, F. Wade, E. W, Phelan, R. E. Kirk, B. C. Hen- 
dricks, J. E. Day. 


Premedical Requirements in Chemistry: (Estd. 1931) J. P. 


Chemical Education by Radio: (Estd. 1930) R. F. McCracken, 
Medical College of Virginia, Richmond, Va., Chairman; S. B. 
Arenson, L. Ehrenfeld, M. J. Ahern, J. A. Seaverns. 

Women’s Club Study Coursein Chemistry: (Estd.1924) H. Hale, 
Univ. of Arkansas, Fayetteville, Ark., Chairman; Pauline B. 
Mack, Clara DeMilt, Mrs. J. D. Sherman, W. F. Keohan. 

Minimum Equipment for High-school Chemistry: (Estd. 1926) 
J. H. Jensen, Northern State Normal School, Aberdeen, S. D., 
Chairman; W. F. Bowers, F. C. Mabee, J. H. Norton, C. R. 
Otto, C. H. Stone, H. C. Graham. 

Board of Publication: Dr. R. E. Swain’s term as an elected mem- 
ber of the Board of Publication expired on December 31, 1934. 
Dr. Swain, however, remains an ex officio member of the Board 
by virtue of his chairmanship of the Division of Chemical Edu- 
cation. Dr. R. A. Baker, formerly an ex officio member of the 
Board, has been elected by the Executive Committee to the 
place vacated by Dr. Swain. 





TRADE ANNOUNCEMENTS 


Filtrations in Chemical Laboratories 


A 134-page, paper-covered booklet issued by Carl Schleicher & 
Schiill Co., New York City (second, revised and enlarged edition). 
Contains the following sections: Information on Laboratory 
Filtrations and Related Subjects; Information on Properties 
of C. S. & S. Filterpapers; Summary on the Use of C. S. & S. 
Filtering Products in the Laboratories of Various Industries 
and in Medical Science; Classified C. S. & S. Products; Filtering 
Materials for Use in Large-Scale Filtrations, in Funnels, Filtering 
Machines, and Filter-presses. 


Metal Tops for School Desks 


Heavy-gage steel tops for the reconditioning of school desks 
are offered by the Stow Manufacturing Co., Inc., Binghamton, 


STOW METAL’ ~~~ ~ 
| hs ee Oe) SR scam 


FOR 
SCHOOL DESKS: 
[STOW MANUFACTURING CO. Inc. 
[BINGHAMTON - - 


NEW YORK 


New York. The tops may be installed by a janitor, if necessary, 
while the classroom is in use. Unfinished, standard finish, and 
special finish tops are available. 


How to Use Electronic Tubes in Industry 


An illustrated 217-page zincograph pamphlet, presenting a 
fundamental treatment of the operation and application of 
electronic tubes in industry, is offered by the Westinghouse 
Electric and Manufacturing Company, East Pittsburgh, Pa., 
for $2.25 (net). 

The treatment is non-mathematical, starting with electronic 
phenomena and the mercury arc, passing to high-vacuum tubes 
and the grid-glow family, thence to photo-responsive electronic 
devices and cathode-ray tubes and ending with the specific 
technic of a variety of applications. 

As a supplement to the above course, a ‘“‘“Manual of Experi- 
ments” may also be purchased for 65c. In this series of twenty- 
four tests, the apparatus needed, method of set-up, procedure 
to be followed, and results to be obtained, are fully explained. 

This parallels the course of study and demonstrates the types 
and characteristics of the various electronic tubes described. 
The two form a very complete schedule of classroom and labora- 
tory work in this subject. Advertising and propaganda have 
been carefully avoided so that the material can be used as an 
accurate and unbiased text. 


Gardinol 


A handy manual which reviews the uses of alcohol sulfates 
in the textile industry has just been issued by the Gardinol 
Corporation, Wilmington, Delaware. 

“Gardinol,” it is explained, is a new type of chemical product 
which is helping the textile industry establish higher standards 


of quality and production. “It is overcoming the limitations 
of former processing agents which in turn limited the degree 
of perfection attainable in processing fibers and fabrics.” 

The booklet outlines the progress that has been made in the 
use of alcohol sulfates. It describes also the nature and proper- 
ties of the several types of Gardinol and suggests specific applica- 
tions. Sections of the booklet discuss the Gardinol series, the 
properties of the product, the treatment of cotton and linen in 
all stages of manufacture, and the processing of wool, silk, and 
rayon. 


Bausch & Lomb Publications 


“Polarizing Microscopes.”—This 24-page pamphlet opens 
with a brief discussion of the polarizing microscope and its 
utility. Descriptions of Bausch & Lomb models and of numerous 
accessories follow. Profusely illustrated. 

“Ultra Violet Photomicrography at 3650 A.’’—A 7-page pam- 
phlet of which the first six pages are devoted to a4 summary of the 
theory and technic of ultra-violet photomicrography. One page 
of specifications and prices. Illustrated. 

“Something New in Spectrographs.”—A complete description 
of the small Littrow quartz spectrograph. (7 pp.) 

“The New Density Comparator.”—Description of a new instru- 
ment designed for accurate and rapid spectrographic analysis. 
(4 pp.) 


Portable Laboratory Colloid Mill 


The new No. 005 Portable Laboratory Model developed by 
Chemicolloid Laboratories, Inc., 44 Whitehall St., New York City, 
possesses all the features to be found in the larger models of the 
Charlotte Colloid Mill. The material chamber is of Monel 
metal and the mill is easily cleaned and readily dismantled for 
inspection. The mill is recommended for research, educational 
instruction, and industrial development work. Descriptive 
literature on request. 


Carbon Monoxide Alarm 


The Mine Safety Appliances Company, Pittsburgh, recently 
announced the development of a carbon monoxide alarm which 
gives prompt warning, when the amount of carbon monoxide in the 
air reaches a danger point, by ringing an electric gong. 

An interesting, illustrated bulletin has been prepared describ- 
ing the M. S. A. Carbon Monoxide Alarm in detail, and also 
dealing with the vital matter of carbon monoxide poisoning, 
which has grown to be the fourth largest cause of industrial dis- 
eases, accidents, and death. A copy of the bulletin may be 
secured by addressing the Mine Safety Appliances Company, 
Braddock, Thomas, and Meade Streets, Pittsburgh, Pa. 


Introduce “Numerals in Colors” for Multiple-Point 
Recording 


Reading of multiple-point instrument records is greatly sim- 
plified by a new system of “numerals in colors’’ introduced by 
Leeds & Northrup Company, Philadelphia. This marking system 
can be specified on Micromax strip-chart recorders for 2, 3, 4, or 6 
points. With each of the thermocouples, resistance thermome- 
ter bulbs, or other primary elements identified on the chart bya 
numeral, and each numeral distinguished from the others by 
being printed in a contrasting color, reading of records is made 
easy, errors are avoided, and time is saved. Colors used for 
printing the numerals are: black, green, red, violet, yellow, and 
blue. 

A circular giving further details and showing a reproduction of 
an actual chart in six colors will be sent on request. Address the 
above Company and ask for Circular No. 314-I. 
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JOHANN JOACHIM BECHER 
(1635-1682) 


Becher is best known for his relation to the phlogiston doc- 
trine. He revived the ancient Three Principles under new 
names, (1) lapis fusilis seu terra lapidea, ‘a fusible stone or 
stony earth improperly called Salt,” (2) terra pinguis, “a fat 
earth improperly called Sulfur,” and (3) fluida terra, “a fluid 
earth improperly called Mercury.” His views, set forth in the 
Physica Subterranea, first edition, Frankfort, 1669, were adopted 
by Stahl who gave the name of phlogiston to the ferra pinguis 
principle, reissued the book with his commentary, and secured 
the general acceptance of the doctrine. 


‘ 
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Becher was a well-informed chemist and a skilful manipu- 
lator. In 1680 he demonstrated that sugar is necessary for the 
vinous fermentation. He distilled coal, and suggested that the 
tar might be used for the preservation of cordage and the gases 
for the heating of smelting furnaces. The portrait is reproduced 
from his Chymischer Gliicks-Hafen; oder grosse chymische Con- 
cordantz, Frankfort, 1682, a book of laboratory processes which 
contains directions for 1500 chemical preparations. (Contributed 


by Tenney L. Davis.) 
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ECTURE DEMONSTRATION vs. LABORA- 
.. TORY INSTRUCTION. The topic, Lecture 
Demonstration vs. Individual Laboratory In- 
struction, selected for symposium discussion at the 
spring meeting of the Division of Chemical Education 
(see p. 186) is scarcely novel, but it is an exceptionally 
live one and very timely. Unfortunately it is also one 
which is complicated by the conflicting economic inter- 
ests of taxpayers, school politicians, manual writers and 
publishers, and supply and equipment dealers, as well 
as by strongly held prejudices of other than economic 
origin. Furthermore it is the sort of topic which two 
debaters may discuss at great length without ever 
really talking about the same thing. 

The speakers who will contribute to the symposium 
are as free of suspicion of having any personal axes to 
grind as seems humanly possible. It is the danger of 
confusion of terms and of talk at cross purposes which 
must be particularly avoided if any significant contri- 
bution to our understanding of the question is to arise 
out of this discussion. It is to be hoped that the speak- 
ers will take exceptional pains to define their terms, to 
state their objectives, and to describe their standards of 
comparison as precisely as possible. 

It seems to be fairly well established experimentally 
that if one uses a lathe only for jobs which a drill press 
could do as well one gets no better results than the 
fellow with a drill press. In fact, even a hand drill can 
make shift to compete in some sort of fashion. The 





questions we must settle are: Do we really have any 
lathe jobs to do? and, Are those of us who have lathes 
actually using them for lathe work? 


Probably every chemist has had the experience of 
undertaking experimental work in a field of which he 
previously had a thorough reading knowledge. If the 
technic be new to him he naturally expects to begin 
clumsily and to acquire skill. He usually finds also 
that many facts with which he was apparently per- 
fectly familiar begin to appear in a new light and to 
arrange themselves in new patterns when he encounters 
them in the laboratory rather than on the printed page. 
Details of appearance and behavior too numerous and 
trivial to mention in any published report convey to 
him impressions and ideas, often without his being 
fully conscious of the exact source of inspiration. 
Casual curiosities may often be satisfied in passing with 
the aid of a test-tube and a few drops of reagent. In 
short, in the laboratory the chemist begins to live his 
own life rather than to live vicariously in the pages of 
another’s novel. 


Is there, then, any true analogy between the labora- 
tory work of the student and that of the chemist? If 
under present practice in laboratory instruction the 
answer must be no, could it be otherwise? Until we 
have answered these questions we are poorly prepared 
to evaluate proposed substitutes for laboratory in- 
struction. 





TOPAZ 


JOSEPH W. HOWARD 


State University, Missoula, Montana 


Topaz is a mineral of variable composition. The for- 
mula Al, (F-OH)2 SiO, is usually ussigned to the most 
common variety. It has a wide geographical distribu- 
tion. While generally thought of as a yellow stone it 
occurs in a wide variety of colors. Its chief use is as a 
gem stone. 
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“TT HAVE topazes, yellow as the eyes of tigers and 
topazes pink as the eyes of a wood pigeon and 
green topazes that are as the eyes of cats.” Thus 

does Oscar Wilde picture part of the offering of gem 
stones made by Herod to Salome in his attempt to per- 
suade her to withdraw her request for the head of John 
the Baptist. To the colors mentioned by Wilde must 
be added brown, red, blue, grey, and colorless to com- 
plete the list of the known varieties of topaz. Yellow 
is the color most often associated with this mineral in- 
asmuch as all yellow stones were once called topaz. 

The name itself, according to Pliny, was derived from 
Topazios, an island of the Red Sea, probably an early 
source of topaz. The island was named for the Greek 
word torafo—to guess—because it was often sur- 
rounded by fog and difficult to find. Skeat considers 
it more probable that the name is a derivative of the 
Sanskrit word topas, meaning fire (1). 

Topaz has, at times, been confused with topazus and 
topazolite. Pliny describes a statue, supposedly of 
topazus, in the Golden Temple of Egypt. This six- 
foot statue, dedicated to Arsinoe, wife of Ptolemy 
Philadelphius, like the ‘‘emerald’’ column in the Tyrian 
Temple of Baal, was probably of glass (2). Topazo- 
lite is a yellow variety of garnet. 

The Portuguese often call the colorless variety ‘‘pin- 
gos de aqua” (drops of water). They also refer to them 
as ‘‘slaves’ diamonds.”’ A very clear, colorless stone 
in the crown of Portugal, reputed to be a diamond of 
1680 carats is, according to Farrington, probably a 
topaz. 

Topaz is listed as the stone of both the tribes of Is- 
sachar and Dan. Itis the gem stone of James the Less. 
With sard and carbuncle it made up the first row of 
gem stones in the breastplate of the high priest of the 
tabernacle. It is one of the stones mentioned as gar- 
nishing the foundations of the prophesied new Jerusa- 
lem. 


SOURCES 


Although this mineral has a wide geographical dis- 
tribution, the locations in which it is found tn commer- 
cial quantities and of gem quality are more limited. 


Maine (3), New Hampshire, Georgia, Idaho, Montana 
(4), Texas (5), Utah (6, 7), Wyoming, Colorado (8, 9), 
and California (10), have all reported deposits. 


American Museum of Natural History, N. Y. 


A BLUE Topaz FROM JAPAN CUT WITH 444 PERFECT 
FACETS 


Among foreign countries Brazil (11, 12) and Ceylon 
(10) are the chief producers of topaz today. ‘‘Topaz 
occurs as a subsidiary gem stone in the alluvial gem 
deposits of the Mogok Stone Tract, Upper Burma, 
in quite appreciable quantities. It is locally known 
by the Burmese name 7a/aya, and is nowhere mined for 
as a separate species, but is merely a by-product in 
the general mining for rubies and sapphires” (13). 
Topazes of gem quality have also been found in Mexico, 
Japan, Norway, Ireland, Scotland, Russia, Australia, 
New South Wales, and Tasmania (14, 15). 


MINING 


Practically all topaz mining has been started by the 
open cut method. When water began to interfere, 
deep mining methods were adopted. 


MODE OF OCCURRENCE 


Topaz occurs in gneisses, schists, granites, and peg- 
matites. Because of its durability and weight it is 
often found in placer deposits (16). Since it is often 
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associated with cassiterite, topaz is considered a valu- 
able indicator of tin ore. Topaz is found either as 
well-developed crystals or water-worn pebbles. Other 
minerals commonly accompanying it are tourmaline 
quartz, fluorite, apatite, beryl, and tungsten ores (10). 


COMPOSITION AND PROPERTIES 

Topaz may vary in composition from pure fluorine 

topaz Al,F,SiO, to pure hydroxyl topaz Al:(OH).- 
SiO, (16). 








Courtesy Colorado Springs Chamber 
of Commerce 


PIKES PEAK, COLORADO 


Topaz has been found at various places in this region. 


To the most common variety the formula Al- 
(F-OH)2SiO, is usually assigned. This isomorphous 
substitution of fluorine by hydroxyl causes changes in 
the specific gravity, double refraction, apparent angle 
of optical axes, and crystallographic axis-ratios of the 
compound (17). 

Alston and West (18) have made a quantitative X- 
ray analysis of topaz of the formula Al»(F-OH)2SiO, 
and state their conclusions as follows: ‘‘Although this 
crystal is sometimes considered to belong to the ortho- 
rhombic pyramidal (polar) class, the structure actually 
found is holohedral in character. The chief feature of 
the structure is the arrangement of the oxygen and 
fluorine atoms. Regarding these atoms as equal in 
size, they form a close-packed assemblage which be- 
longs strictly to neither of these two well-known hexago- 
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nal and cubic types of close packing. These two 
types and the assemblage found in topaz may be con- 
veniently regarded as the simplest example of the way 
in which a series of identical planes consisting of simi- 
lar atoms in contact, may be closely stacked together, 
one on top of the other so as to form a series of layers 
in periodic succession. Although in a structure of 
this kind it is difficult to distinguish between oxygen 
and fluorine atoms, it is believed that the four atoms 
which surround tetrahedrally each silicon atom are 
oxygen, whilst of the six atoms arranged symmetrically 
about each aluminum atom four are oxygen and two 
are fluorine.’”’ Pauling (19), using the coérdination 
theory of ionic crystals, assumed the fundamental 
polyhedra for topaz to be an octahedron of oxygen and 
fluorine anions surrounding each aluminum ion and 
a tetrahedron of oxygen ions about each silicon ion. 
By piling these polyhedra together one structure was 
found which approximated that observed by X-ray 
analysis. 

Many samples of topaz contain inclusions of the 
solids rutile and ilmenite and of the liquids carbon diox- 
ide and water. 

Topaz is infusible before a blowpipe. Hydrochloric 
acid does not affect it but sulfuric acid causes a partial 
decomposition and the liberation of hydrofluoric acid. 
If heated with cobalt nitrate a blue color is produced. 
Under the action of heat part of the fluorine is con- 
verted into SiF, and AIF;. At a white heat sillimanite 
is formed. 

Topaz is the standard for a hardness of 8 on Moh’s 
scale. Its specific gravity varies from 3.4 to 3.6. 
The double refraction is 0.010 and the dispersion is 
0.014. The mean of its three indices of refraction varies 
from 1.61 to 1.63. It is a transparent stone of vitreous 
luster which shows a feeble luminescence under ultra- 
violet light. Some specimens display a faint pink or 
yellow phosphorescence on heating. Pleochroism in 
topaz is weak. This mineral becomes electrified by 
friction, heat, or pressure. With increased temperature 
its electrical conductance also increases. The fact 
that topaz is biaxial aids in distinguishing it from 
uniaxial quartz and corundum. 

Some work has been done on the cause of the various 
colors found in topaz. ‘‘As the result of spectographic 
investigations it is thought that the yellow color in 
topaz may be due to chromium, that of the aqua- 
marine topaz to iron, and of the rose-colored topaz to 
vanadium. What compounds of these elements may 
be the source of the color has not been determined” 
(20). 

The effect of various factors on these colors has also 
been studied somewhat (21). X-rays tend to intensify 
them. Radium rays change white to orange, wine color 
to a dark orange. Cathode rays have no effect. A 
yellow topaz if heated in oxygen becomes pink, in 
nitrogen black, and in sulfur green. So-called ‘“‘burnt 
topaz” is one which has been changed from yellow to 
pink by heat. Some varieties fade on long exposure 
to daylight. 
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Topaz crystals are usually very highly perfect, with 
finely polished surfaces and well-developed, perfectly 
sharp edges and angles. The prism faces are striated 
vertically in contradistinction to those of quartz which 
are striated horizontally. Doubly terminated crystals 
are rare. Usually the crystals are attached at one end 
to the rock cavities in which they grew and when 
detached break along a flat surface parallel to the basal 
plane. This ‘basal cleavage”’ is one of the distinguish- 
ing characteristics of topaz. The crystals vary in size 
from that of a good-sized pinhead to several pounds 
in weight. The British Museum of Natural History 
contains a rough, opaque, dull-colored crystal of topaz 
weighing 137 pounds. It came from a feldspar quarry 
in Setersdalen, Norway (22). There are two large 
cleavage pieces; broken from crystals of topaz, on dis- 
play in the Mineralogy Hall, United States National 
Museum. Both are from Minas Geraes, Brazil. The 
largest one has prism faces eleven inches long and four- 
teen inches wide and weighs 95 pounds. The smaller 
one measures ten by ten inches on the prism faces and 
weighs 45 pounds (23). Among the famous cut topazes 
is one weighing four pounds which was presented to 
Pope Leo on his silver jubilee in 1902. 


American Museum of Natural History, N. Y. 


Topaz CRYSTALS FROM BRAZIL AND COLORADO 


SUBSTITUTES AND IMITATIONS 


Because of color resemblances, topaz is used to imi- 
tate other gem stones and has others substituted for it. 
An unusually clear, colorless cut specimen might be 
mistaken for a diamond. In like manner colorless 
quartz has been sold for topaz. Citrine, a yellow quartz 
resembling topaz in color and transparency, is also 
known as Spanish, Saxon, Scotch, or golden topaz (16). 
Pink topaz is often confused with pink tourmaline. 
Green topaz has been sold as aquamarine, a species of 
beryl. Yellow corundum is called oriental topaz. 
A light red, synthetic ruby is sometimes given the name 
of synthetic rose topaz. 

In all of these cases the striking differences in physi- 
cal and chemical properties make differentiation easy. 

The most satisfactory synthetic topaz was prepared 
by Reich (21) who heated a mixture of silica and alumi- 
num fluoride to a bright red heat and ignited the re- 
sultant product in a stream of silicon tetrailuoride. 





Courtesy of John M. Cabot 


AN OPEN-cUT Topaz MINE IN THE STATE OF MINAS 
GERAES, BRAZIL 


USES 


Topaz is considered the most popular yellow stone 
for jewelry and is often used as the principal stone in 
brooches or pendants (10). Its chief virtues are trans- 
parency and capacity to take a high polish. While it 
shows greater resistance to abrasion than quartz, more 
care is required in cutting, handling, and mounting it 
because of its basal cleavage. This is overcome in 
part by using the cleavage surface as the upper face of 
the cut gem and forming other faces around it. The 
brilliant cut, so popular with the diamond, is very ef- 
fective. It is moderate in price. 

A small amount of poor-grade topaz is powdered and 
used as an abrasive on softer stones such as the agate 
and jasper (10). 


Perhaps no other stone has had more varied and pre- 


posterous powers accredited to it. When worn as an 
amulet it was said to drive away sadness, strengthen 
the intellect, and bestow courage. A topaz mounted in 
gold and hung around the neck was believed to dispel 
enchantment. The powdered stone when put in wine 
was used as a cure for asthma, insomnia, burns, and 
hemorrhage. It was considered the stone of fruitful- 
ness and faithfulness, conferring cheerfulness on the 
wearer, calming passions, and preventing bad dreams. 
Topaz was supposed to become obscure in contact with 
poison and quench the heat of boiling water. All of 
these powers were believed to decrease and increase 
with changes of the moon. 4 

According to one legend Lady Hildegarde, wife of 
Theoderic, Count of Holland, presented to a monastery 
in her native town a topaz which emitted a light so 
brilliant that one could read by it at night. 

It is generally accepted as the birthstone for No- 
vember, for, according to an old verse (24): 


Who first comes to this world below 
With drear November’s fog and snow 
Should prize the topaz’ amber hue, 
Emblem of friends and lovers true. 
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DEVELOPMENT of ROTENONE 
and SIMILAR SUBSTANCES 
as INSECTICIDES 


ROLAND M. WHITTAKER 


Chemical Laboratories of Brooklyn College of the College of the City of New York 


This article is a brief review of the history, development, 
and uses of plant fish poisons as insecticides. The plant 
sources are given, the methods of preparation described, 
and some commercial aspects of the topic discussed. The 
active constituents of derris and cubé, namely rotenone, 
deguelin, and tephrosin are described. All references to 
the literature have been carefully given. 


+++ + + + 


RITTEN records indicate the use of certain 
tropical plants as fish poisons and arrow 
poisons by the aborigines of South and Central 
America, Southeastern Asia, and the East Indies since 
the middle of the eighteenth century, although there 
is no doubt that the natives used the plants for these 
purposes long before that time (1, 2,3). In the case of 
the fish poisons the natives simply pounded certain 
portions of the plants, usually the roots, into a pulp 
and threw the pulp into fish-inhabited waters. In a 
relatively short time the fish were either dead or 
stunned and could be collected and eaten either raw or 
cooked. 
These facts were not much more than interesting 
topics for the curious until the recent concerted action on 


the part of several governments to eliminate poisonous 
agricultural spray residues on agricultural products. 
Then a search began for some substance toxic to in- 
sects but harmless to man. It was known that the 
root of the tuba, a low-climbing plant, had long been 
used by the Chinese as an insecticide and that it was 
also one of the native fish poisons. This indicated that 
not only tuba root but all the plant substances used as 
fish poisons were worth investigating for their probable 
insecticidal value. In the past ten years we have 
learned many things about the use of these plants and 
their extracts as insecticides. Some of this informa- 
tion is summarized in the following review. 


PLANT SOURCES 


Most of the plants from which the active constituents 
of fish poisons are derived belong to the Fabacee 
family (4), also called Leguminose or Papilionacez. 
The genera which exhibit the insecticidal properties to 
the greatest extent are Derris Lour., or Deguelia, 
Lonchocarpus, and Cracca, although many others are 
known to contain the most active fish poison yet isolated 
in the pure state, namely rotenone. At the present 
time nearly all the commercial development has been 
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carried on either with roots of Derris elliptica or cubé 
(L. nicou). 

According to Roark (4) derris is a vine-like plant that 
climbs over adjacent timber and grows largely in east- 
ern Asia. Cubé root is obtained from a tree that 
reaches slightly taller than a man and grows extensively 
in Central and South America. Although in 1920 
derris and cubé were cultivated to some extent their 
use was restricted almost entirely to the neighborhood 
of their growth. In 1932 it was estimated (5) that 
5,000,000 pounds of derris were cultivated annually in 
Johore, Federated Malay States, Java, and neighboring 
countries. From data based on the relative toxicity of 
the active constituents of derris and tobacco (6) it is 
estimated that this amount of derris was equivalent to 
93,750,000 pounds of tobacco. As a _ cultivated 
product cubé has not been developed to the same extent 
as derris, although some plantations have begun opera- 
tion in Central and South America. 

Clark (7) isolated some of the active ingredients of 
derris from a plant native to North America, Cracca 
virginiana. This plant is described as being from 10 to 
12 inches high, with an extended root system, occurring 
from New Hampshire to Florida, the Atlantic coast to 
the Mississippi valley. It is known by various names, 
such as goat’s rue, wild sweet pea, turkey pea, devil’s 
shoestrings, etc. (8). It should not be confused with 
vetch which it resembles to some extent. Recently 
Clark (7) reported obtaining a 4-6% extract from the 
roots of this plant which had a toxicity equal to that of 
pure rotenone on fish. The extract contained some 
rotenone, tephrosin, and other similar substances. 
This plant may be a possible source of an insecticide and 
anthelmintic that the farmers of the United States 
might well investigate. 


THE ACTIVE CONSTITUENTS 


A detailed chemical examination of derris showed 
that the toxicity to fish and insects was due largely to 
the presence of four substances, rotenone (9), toxicarol 
(10, 11), deguelin (10, 12), and tephrosin (10, 13, 19). 
Rotenone, the most toxic of those named, was first 
isolated by Geoffroy (45) in 1895 from what was then 
called Robinia nicou but is now known as Loncho- 
carpus nicou. ‘The substance isolated by Geoffroy was 
called nicouline and was later found to be identical 
with a substance isolated by Nagai (9) from derris root 
and named by him after the Japanese name of the 
plant, ‘‘Rho-ten.” These substances occur in widely 
varying amounts in the commercially available plant 
materials. An effort is made, however, to keep the 
rotenone content of the roots sold as good-grade root 
from 2.5% to 6% (14). Roots are usually sold on the 
basis of their rotenone content, which can be deter- 
mined by several methods, but which is probably most 
easily estimated by extraction of the finely ground, air- 
dried roots with carbon tetrachloride and crystalliza- 
tion of the rotenone from the extracting solvent (15). 

Rotenone can also be extracted from the plant 
material by many other organic solvents. When care- 
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fully purified, rotenone crystallizes from alcohol in 
transparent hexagonal plates and melts at 163°C. 
It is dimorphous, being converted into isorotenone upon 
treatment with sulfuric acid (46). Rotenone is subject 
to oxidation and reduction, giving rise to several sub- 
stances in either case, depending upon the conditions 
and the reagents used. From the viewpoint of general 
use the oxidation of rotenone is considered quite im- 
portant since the products of oxidation usually are less 
toxic to insects and fish (27). H. A. Jones (47) found 
that rotenone in various solvents was converted more or 
less rapidly into rotenolone and dehydrorotenone. Asa 
result of these experiments it was concluded that care 
must be taken in selecting a solvent for rotenone prepa- 
rations, that air should be excluded from the solution 
container, and that rotenone should be stored in dry 
containers, as dry rotenone undergoes no decomposition 
on standing (16, 28, 30). 

Determination of the probable structure of rotenone 
has been one of the major steps in the recent develop- 
ment of organic chemistry. For a detailed discussion 
of this work and a more thorough outline of the results 
of oxidation and reduction see the review of LaForge, 
Haller, and Smith (17). The accepted formula is: 
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At the time of writing rotenone has not yet been syn- 
thesized. Rotenone was found to be fairly soluble in 
several organic solvents but quite insoluble in water, al- 
though water emulsions can easily be prepared (18). 
Deguelin has the structure (12) : 
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Tephrosin is a hydroxy deguelin with the hydroxyl 
group attached to carbon 7 or 8 in the formula given for 
deguelin (20). As lateas July, 1934, the exact structure 
of toxicarol had not yet been determined (21), but Clark 
(11) gives part of the formula as represented. The 
nature of the C;H,O group and the exact nature of its 
attachment to the rest of the molecule are not known. 





Toxicarol 


Some investigators are of the opinion that tephrosin 
does not occur native in the plant but is formed during 
the isolation of rotenone, deguelin, and toxicarol from 
the plant sources (22). These substances may be 
classified into three groups (21). The rotenone group is 
characterized by an optically active dihydrobenzofuran 
system, with an isopropeny] side chain connected to the 
dihydro-y-pyrone system. The deguelin group, in- 
cluding deguelin itself and tephrosin, has an optically 
inactive dimethyl-dihydro-a-benzopyran system in 
place of the dihydrobenzofuran of rotenone, The third 
group includes toxicarol, the structure of which is not 
yet definitely known, altiaough it is known that it con- 
tains neither the dihydrobenzofuran nor the benzopyran 
system. 

The structures of several other fish poisons from 
plants other than cubé or derris have been determined 
by Spath. None of these is of commercial importance 
at the present and none is closely related to rotenone in 
structure, nevertheless it will be noted in the three 
formulas given below that they are also oxygen hetero- 
cyclics, containing the a-benzopyrone nucleus instead 
of the y-benzopyrone system of rotenone. Peucedanin 
and oreoselon from Peucedanum officinale (23): 
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Osthol from Imperatoria ostruthium (24): 
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Some interesting facts regarding the relationship be- 
tween chemical structure and physiological behavior 
have been brought out in the study of the comparative 
toxicities of rotenone, toxicarol, deguelin, tephrosin, 
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and their derivatives. Using goldfish as test animals, 
Gersdorff (25) found the relative toxicities to be: 
rotenone, 100; toxicarol, 65; deguelin, 56; tephrosin, 
23. When used against the Aphis rumicis, Davidson 
(26) found aqueous suspensions of rotenone, deguelin, 
tephrosin, and toxicarol to have relative toxicities of 400, 
40, 10, 1, respectively. A study of the toxicities of 
various derivatives of rotenone showed the following 
decreasing order of toxicity to goldfish: dihydrorote- 
none, rotenone, acetyldihydrorotenone, dihydroroteno- 
lone, acetyldihydrorotenolone, and acetylrotenolone 
(27). From the above it is obvious that until better 
criteria can be established, the relative toxicities of 
derris or cubé preparations as insecticides should be 
indicated by their rotenone content. 

Rotenone compares very favorably with other 
insecticides now in use. Darley (29) reports that 
rotenone at a concentration of 1:100,000 compared 
favorably with nicotine at 1:10,000 and with pyrethrins 
at 1:74,800, when used on two species of aphids. 
Shepard (30) claims that rotenone is more toxic to the 
Aphis rumicis and to mosquito larve than is nicotine. 
Davidson (31) quotes experiments to show that on the 
Aphis rumicis rotenone is fifteen times more effective 
than nicotine. One pound of derris root (rotenone con- 
tent not mentioned) was found to be equivalent to 
1.5 pounds to 2.5 pounds of calcium arsenate against the 
Colorado potato beetle (34). Against silkworm rote- 
none was thirty times more toxic than lead arsenate (35). 
It must not be assumed from these statements that 
rotenone or its preparations are always effective. 
Cases have been reported where rotenone was not as 
toxic as pyrethrins, nicotine, or other common insecti- 
cides (32). Gnadinger (33) reports that rotenone in 
an oil base is not as toxic as a similar pyrethrin prepara- 
tion and that addition of rotenone to pyrethrin prepara- 
tions does not increase the toxicity to flies. The grass- 
hopper seems to be particularly resistant to rotenone 
(48). Rotenone and its various preparations have 
been more or less effective for the control of aphids, 
thrips, white fly larve, leaf hoppers, larve of beetles, 
tent caterpillars, chicken lice, roaches, cabbage worms, 
and mosquitoes (6), moths and moth larve (36), rasp- 
berry beetles (37), sheep tick (43), and numerous others 
(38). Rotenone is generally slower in action than other 
well-known insecticides now in use (49). 

The rotenone preparations show exceptional value 
when their low toxicity to warm-blooded animals is 
considered. When administered through the mouth 
pure rotenone produces no visible effects in dogs, cats, 
pigs, or sheep, in doses up to one grain per pound of 
body weight (39). Haag (40) reports that continued 
feeding of small doses of rotenone to dogs, cats, rabbits, 
pigeons, etc., caused death in 50% of the animals with- 
out pronounced symptoms and no pronounced changes 
in the organs. Given intravenously, rotenone caused 
first stimulation of respiration, followed by periods of 
apnea and death due to respiratory depression. Derris 
preparations and rotenone are thought to have little 
permanent effect upon bacteria or fungi. They do, 
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however, destroy some protozoa (41). A most interest- 
ing use of rotenone as an anthelmintic has recently 
been made public. Crane (42) has found that rotenone 
fed to dogs in doses of 0.05 gram per kilogram of body 
weight is effective against the dog hookworm and 
round worm, is not effective against the dog coccidium, 
and is inefficient against canine tapeworms. Crane 
further states that doses as high as 0.2 gram per kilo- 
gram of body weight are not toxic to dogs, although 
doses of 0.1 to 0.2 gram caused transitory gastritis. 
The author of this paper has experimented to some 
extent with chickens along these lines and has provided 
Dr. Glover of the Ontario Agricultural College with a 
supply of rotenone to continue the work. 


COMMERCIAL ASPECTS 


Practically all the rotenone preparations now manu- 
factured are made from materials imported to the 
United States either as dried roots or as concentrated 
extracts of the roots. Because of the relatively high 
cost, little pure rotenone is used. Commercial prepara- 
tions consist of ground dried roots with or without 
inert material and the extracts of the roots in various 
organic solvents. 

The roots as received in this country have usually 
been sufficiently dried and are immediately chopped 
and ground to a fine powder. Some industrial hazard 
is involved at this point, in that the roots frequently 
catch fire during the grinding unless special precautions 
are taken (28). Workmen not carefully protected 


from flying particles of derris dust have been known to 


have numb or irritated throats. This action is not per- 
manent and R. W. Birdsall (28) reports that fresh air 
will eliminate the effects. Nevertheless, care should 
be taken in the chopping and grinding process. After 
grinding and mixing, the roots are usually analyzed. 
The analysis determines the next step in the process. 
If, for example, the roots were found to analyze 4% 
rotenone and a commercial dust of 1% rotenone con- 
tent was desired, the roots would be carefully diluted, 
either with root from which the rotenone had previously 
been extracted or with some inert material such as 
kaolin. 

If an extract is required a definite amount of the root 
is extracted and the extract is diluted to obtain the final 
concentration desired. It will be noted that the as- 
sumption is made that all the rotenone is extracted 
from the root. This is probably true and most com- 
mercial houses sell their extracts upon the basis of the 
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amount of the rotenone originally in the root. Few 
companies analyze their finished extracts for rotenone 
content. Some do run Peet-Grady kill tests (50) on 
their extracts and standardize their products in this 
way. 

Derris and cubé extracts are usually sold with alcohol, 
alcohol-acetone, acetone, kerosene, and other light frac- 
tions of petroleum as solvents. Many manufacturers 
combine the value of pyrethrins with rotenone by 
placing them both in their extract mixtures. Since 
rotenone is readily oxidized in aqueous solution the 
stock extracts usually contain only the organic solvent 
mixture, emulsifying agents, derris and pyrethrin ex- 
tracts, and various essential oils. The extracts usually 
contain about 1% rotenone (although almost any con- 
centration can be obtained if desired) and are much 
more concentrated than need be for common spray use. 
They are diluted with water just before use and sprayed 
in the form of a suspension. These derris extracts 
when used in sprays will eventually lose their toxic ac- 
tion. It is hard to estimate just how quickly this loss 
occurs. Jones (44) claims that derris root and derris 
root extracts lost more than half their toxicity during a 
ten-day exposure to sunlight. 

The prices for the raw materials and some of the 
finished products are quoted below. The cost of 
derris derivatives is gradually being reduced. 


Crude root (varies with rotenone content) $0. 
Ground derris dust (1% rotenone content) 0. 
Ground derris dust (4% rotenone content) 0. 
Ground derris dust (5% rotenone content) 0. 
Extract concentrate (25% rotenone) 5. 
Extract (5% rotenone content) 9, 
c.P. rotenone 


4 

00 per 10 Ibs. 
00 per gallon 
25.00 per Ib. 


CONCLUSION 


It will be seen from the foregoing review that from 
the commercial as well as the purely scientific angle 
rapid strides have been made in this relatively new field. 
From the commercial side there is the possibility of the 
development of other plant fish poisons as insecticides 
and the intensive cultivation of the present known 
sources of these substances. From the scientific side 
the opportunities are almost limitless. There is the 
synthesis of rotenone to be completed, the study of the 
toxicities of the various parts of the rotenone molecule 
with a view to some cheaper synthetic substitute for 
this and similar substances, and a unique opportunity to 
study the relationship between chemical structure and 
physiological action. 
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SUMMER LECTURES AT CHICAGO 


THE University of Chicago announces that Professor 
L. Ruzicka of the Technische Hochschule, Zurich, 
Switzerland, will be a Visiting Professor in the Depart- 
ment of Chemistry during the Summer Quarter, be- 
ginning June 15th. Professor Ruzicka is well known 
for his skill in the determination of the structure of 
and in the synthesis of very complex organic substances. 
He is particularly distinguished for his work on alicylic 
and heterocyclic compounds containing many rings, 
on the terpenes, on various types of odoriferous sub- 
stances, vitamins, and hormones. Recently he suc- 
ceeded in synthesizing the male sex hormone, the 
structure of which had not previously been determined. 

Professor Ruzicka will give two series of lectures. 


The one series will be at 3:30 Wednesdays and Thurs- 
days and will be entitled, ‘Special Topics in the Chem- 
istry of Alicyclic Compounds and the Terpenes.”’ 
The course will include many-membered ring com- 
pounds, including heterocyclic ones, the terpenes, 
and related compounds such as santonin, sapogenins, 
etc. The other series will consist of eight or nine 
lectures given Tuesdays at 7:00 o’clock; the title will 
be ‘‘Selected Topics of Biochemistry,” and will include 
such topics as pyrethrums, odoriferous principles and 
odor, carotinoids, sterols, bile acids, cardiac poisons, 
vitamins, the various sex hormones, etc. This course 
will be open to persons not registered in the Uni- 
versity, on payment of a fee per lecture or per course. 





The SCIENTIFIC CONTRIBUTIONS of 
DON ANDRES MANUEL DEL RIO’ 


MARY ELVIRA WEEKS 


The University of Kansas, Lawrence, Kansas 


LTHOUGH A. M. del Rio, the eminent discoverer 
of the element now known as vanadium, spent 
most of his active life in Mexico and a few years 

in Philadelphia, his services to chemistry and miner- 
alogy are not as widely known and appreciated by 
American scientists as they deserve to be. He was a 
schoolmate and honored friend of Baron Alexander von 
Humboldt and a worthy colleague of Don Fausto de 
Elhuyar, first director of the School of Mines of Mexico. 

Andrés Manuel del Rio y Fernandez was born on Ave 
Maria Street in Madrid on November 10, 1764,f and 
received his preliminary training at the College of San 
Isidro. At the age of fifteen years he completed his 
courses in Latin, Greek, literature, and theology and 
received his Bachelor’s degree from the famous Uni- 
versity of Alcal4 de Henares, which, two centuries be- 
fore, had rivaled Salamanca. When Don José Solano 
held a public contest in experimental physics, the 
young graduate in theology distinguished himself so 
highly that the King provided for his further education 
at the Mining Academy of Almadén. Because of del 
Rio’s enthusiasm for mining and subterranean geome- 
try, the Minister of the Indies, Don Diego Gardoqui, 
selected him to study in France, England, and Germany 
at government expense.! 

He studied chemistry at Paris under Jean Darcet and 
attended lectures in medicine and natural history. In 
1789 he enrolled at the Royal School of Mines in Frei- 
berg, Saxony, where great things were expected of him 
because of the enviable records made previously by his 
fellow countrymen, Don Juan José and Don Fausto de 
Elhuyar. He, too, soon felt the charm of A. G. Wer- 
ner’s teaching of geognosy and mineralogy. One of del 
Rfo’s intimate friends at the Freiberg Academy was his 
schoolmate, Baron Alexander von Humboldt, who later 
renewed the friendship in Mexico. Del Rio also 
studied subterranean geometry, analytical chemistry, 
and metallurgy at the Royal School of Mining and 


* Presented before the Division of History of Chemistry at 
the Cleveland meeting of the A. C. S., Sept. 11, 1934. 

¢ Although the year of del Rio’s birth has frequently been given 
as 1765, Ramirez (Ref. 1) obtained the above date from the birth 
certificate. 

1 MAFFEI, E. AND FIGUEROA, R. R., “Apuntes para una biblio- 
teca espafiola de libros. . . relativos al conocimiento y explotaci6n 
de las riquezas minerales,’’ Imprenta de J. M. Lapuente, Madrid, 
1872, 2 vols., 529 and 693 pp.; VELAzQUEz DE LEON, J., ‘‘Elogio 
finebre del Sr. D. Andrés del Rio,” El Album Mexicano, Im- 
prenta de Cumplido, Mexico, 1849, vol. 2, pp. 219-25; Ramirez, 
S., “Biografia del Sr. D. Andrés Manuel del Rio,’’ Boletin de la 
Soc. Mexicana de Geografia y Estadistica, [4], 2, 205-51 (1890). 














ANpRES MANUEL DEL Rio 
1764-1849 


Spanish-Mexican scientist. For half a century he was 
professor of mineralogy at the School of Mines of 
Mexico. 


Forestry at Schemnitz, Hungary {now Stidvnica Baii- 
skA4, Czechoslovakia). 

In 1791 Sefior del Rio visited the metallurgical indus- 
tries of England. During a second sojourn in France, 
he was associated with Lavoisier, and in the troublous 
days of 1793, he, too, almost fell prey to the fury of the 
revolutionists. According to Ramirez, del Rio dis- 
guised himself as a water carrier and escaped to Eng- 
land. Although offered the directorships of several 
mining enterprises, he declined them. 

In 1793 a royal order decreed that Werner’s theory 
of the formation of veins be taught at the School of 
Mines of Mexico recently founded by Don Fausto de 
Elhuyar.? The professorship of mineralogy was there- 


2 Weeks, M. E., “The scientific contributions of the de El- 
huyar brothers,” J. Cuem. Epuc., 11, 413-9 (July, 1934). 


161 





162 


fore offered to Sefior del Rio, who had previously de- 
clined that of chemistry. Early in August, 1794, he set 
sail from Cadiz on the warship San Pedro Alcantara, 
taking with him a servant and a supply of apparatus for 
the School of Mines. Eleven weeks later he disem- 
barked at Vera Cruz.* 

After arriving at Mexico City, del Rio immediately 
arranged the mineral collections and planned his course 
in oryctognosy, which included mineralogy, geognosy, 
and paleontology and which began on April 27, 1795. 
The new world spread forth before him so many objects 
of scientific inquiry that he afterward wrote with 
enthusiasm: ‘‘Each step of the traveler in this Republic 
discovers to him something new.’’* 

In 1795 he published the first edition of his ‘‘Ele- 
ments of Oryctognosy,’’® which von Humboldt regarded 
as “‘the best mineralogical work which Spanish litera- 
ture possesses,’’® and which Santiago Ramirez’ called 
‘“‘a monumental work, which . . . will be an object of 
veneration and consultation by the mineralogists of our 
country and for aJl those who . . .are occupied in 
studying the mineralogy of our native country.”’ 

Del Rio’s paper on the best method of sinking mine 
shafts was printed for use in all the mines of Mexico, 
and his article on the relations between the composition 
of a mineral and the materials of which the vein is 
composed was published in the supplement to the 
Gaceta de México on January 18, 1797.'* 

The most outstanding achievement of del Rio’s long, 
useful life was his discovery in 1801 of the metal now 
known as vanadium. He found that the brown lead 
mineral, plomo pardo de Zimapdn,® from the Cardonal 
Mine in Hidalgo contained what he believed to be a 
new metal. Because its salts are of varied colors, he at 
first called it panchromium, but because its salts with 
the alkalies and earths become red on heating or on 
treatment with acids, he later changed the name to 
erythronium.»® 10 

When von Humboldt visited Mexico in 1803, del Rio 
gave him several specimens of the brown lead ore. Von 


3 RAMIREZ, S., ‘‘Datos para la historia del Colegio de Mineria,”’ 
government publication for the Alzate Society, Mexico, 1890, 
494 pp. 

4 Dev Rio, A. M., “Analysis of two new mineral substances, 
consisting of bi-seleniuret of zinc and seleniuret of mercury, found 
at Culebras in Mexico,” Phil. Mag., [2], 4, 118-5 (Aug., 1828). 

5 Det Rio, “Elementos de orictognosia,’’ Imprenta de Zi- 
fiiga y Ontiveros, Mexico, 1795, vol. 1, 172 pp.; 7zbid., 1805, vol. 
2, 200 pp.; vol. 1 reviewed in Ann. chim. phys., [1], 21, 2214 
(Feb., 1797). 

6 HuMBOLDT, A. VON, ‘‘Ensayo politico sobre Nueva Espaiia,”’ 
8rd ed., Libreria de Lecointe, Paris, 1836, vol. 1, pp. 232, 236-8; 
vol. 3, pp. 117-8. 

7 Ramirez, S., ‘“Noticia hist6rica de la riqueza minera de 
México,” Secretaria de Fomento, Mexico, 1884, 768 pp. 

8 “Zimapan, the Leadville of Mexico,’”’ Modern Mexico, 13, 
30-31 (Sept., 1902). 

® Det Rfo, ‘“‘Tablas mineralégicas dispuestas segtin los descu- 
brimientos mAs recientes é ilustradas con notas por D. L. G. Kar- 
sten,” Ziifiiga y Ontiveros, Mexico, 1804, pp. 60-62; RAMON DE LA 
QuaprA, “‘Introduccién 4 las tablas comparativas de las substan- 
cias metalicas,” Anales ciencias naturales (Madrid), 6, 46 (May, 
1803). 

10 Witticu, E., “Zur Entdeckungsgeschichte des Elementes 
Vanadium,” Techntk-Industrie und Schweizer Chem.-Ztg., 16, 4-5 
(Jan. 31, 1983). 
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Humboldt sent some of them to the Institut de France 
with an explanatory letter giving del Rio’s analysis and 
his conclusions regarding the close resemblance of the 
new metal to chromium and uranium. A more de- 
tailed description addressed to Chaptal was lost in a 
shipwreck. ?° 

Since the properties of erythronium closely resembled 
those which Fourcroy had ascribed to the recently dis- 
covered metal chromium, del Rio lost confidence in the 
importance of his discovery and concluded that his 
supposed new element was, after all, nothing but 
chromium.'! In a note to his translation of Karsten’s 
“Mineralogical Tables’ he wrote:?%!? “. . but, 
knowing that chromium also gives by evaporation red 
or yellow salts, I believe that the brown lead is a yellow 
oxide of chromium, combined with excess lead also in 
form of the yellow oxide.”’ 

Dr. Ernst Wittich has pointed out that Baron von 
Humboldt was also led into the same error, for the 
specimen in the Museum fir Naturkunde in Berlin is 
labeled in the Baron’s handwriting: ‘‘Brown lead ore 
from the veins of Zimap4n in northern Mexico. Lead 
chromate. M. del Rio thought he had discovered a 
new metal in it, which he named erythronium, then 
panchromium; later he realized that it was ordinary 
chromium.’’ The label was later corrected by Gustav 
Rose to read: ‘‘Vanadiumbleterz.” 

Another circumstance which helped to shake del Rio’s 
confidence in his own work was the analysis of this 
mineral which Collet-Descotils, a friend of Vauquelin, 
published in 1805.'* When Collet-Descotils concluded 
that the supposed new metal was merely chromium, del 
Rio warmly defended his own prior claim to the ‘‘dis- 
covery”’ of chromium in the brown lead ore." 

The details of Sefstrém’s discovery of vanadium in 
soft iron from the Taberg Mine in Smaland, Sweden, and 
of Wohler’s proof of the identity of erythronium and 
vanadium have been related elsewhere.'#!5'6 Dr. 
Moles has emphasized the fact that del Rio’s own ex- 
cessive modesty and scientific caution led him to re- 
nounce the discovery of the new element before the 
analysis of Collet-Descotils had been published. 

Unaware of the shipwreck which had prevented Hum- 
boldt from giving full publicity to the discovery of ery- 


11 Fourcroy, ‘‘Systéme des connaissances chimiques,” Bau- 
douin, Paris, 1800 (Brumaire, an IX), vol. 5, pp. 107-13. 

12 Dex Rfo, ‘‘Discurso de las vetas,”’ Gaceta de México, Nov. 
12, 1802; Anales de las Ciencias Naturales (Madrid), 7, 31 (Feb., 
1804). These references taken from Mo Es, Ref. (15). 

13 CoLLET-DESCOTILS, H. V., ‘‘Analyse de la mine brune de 
plomb de Zimap4n, dans le royaume du Mexique, envoyée par 
M. Humboldt, et dans laquelle M. del Rio dit avoir découvert un 
nouveau métal,”’ Ann. chim. phys., [1], 53, 268-71 (1805); Gay- 
Lussac, J. L., “Biographical account of Hippolyte-Victor Collet- 
Descotils,” Annals of Philosophy, 9, 417-21 (1817); Ann. chim. 
phys., [2], 4, 213 (Feb., 1817). 

i4 Wirticu, E., “El descubrimiento del vanadio,’’ Boletin 
Minero, 13, 4-15 (Jan., 1922); see also the autograph letter re- 
produced in Figure 3. 

15 Motes, E., “‘Wolframio, no tungsteno. Vanadio o eri- 
tronio,” Anales soc. espai. fis. quim., [3], 26, 234-52 (June, 1928). 

16 WEEKS, M. E., ‘“‘The discovery of the elements,’ J. CHEM. 
Epuc., 9, 873-82 (May, 1932); ibid., 2nd ed., Mack Printing Co., 
Easton, Pa., 1934, pp. 87-98. 
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thronium, del Rio wrote in 1832 in his ‘Elements of 
Oryctognosy”’: “‘When he left Mexico, I gave him . . .a 
copy in French of my experiments in order that he 
might publish them. If he had judged them worthy of 
public attention, they would have excited the curiosity 
of chemists, and the discovery of the new metal would not 
have been delayed for thirty years, which is the objection 
now unjustly made against me. He did not even show 
Descotils the copy of my experiments, for, since he 
[Descotils] was a chemist, he would have appreciated 
them better, would have repeated them, and with his 
knowledge of chromium, which I lacked, it would have 
been easy for him to decide that it was a distinct 
metal.’’?!7_ Since at that time chromium must have 
been a novelty even in Europe and since it often re- 
quired ten or twelve years for the news of European dis- 
coveries to reach Mexico,?? del Rio should not be criti- 
cized for having been uninformed as to the properties of 
this metal. 

For a number of years del Rio taught not only min- 
eralogy and mining, but also Spanish and French, and 
served as one of the editors of the Gaceta de México, to 
which he contributed many articles, both literary and 
scientific. In order that his students might “‘be proud 
of a country that offers so many opportunities for ad- 
miring Nature,’ del Rio added to his translation of 
Karsten’s ‘‘Mineralogical Tables” a number of descrip- 
tions of minerals from ‘‘this America’”’ and ‘‘the other 
America.”’ Since a French reviewer’ had criticized him 
in 1797 for not completely adopting the new nomencla- 
ture proposed by Lavoisier, del Rio wrote in 1804, 
“Usage has accepted oxigeno in place of arcicayo, oxido 
in place of cayo...and I have adjusted the nomenclature 
in conformity with it.”® In 1805 he published the 
second volume of his ‘“Elements of Oryctognosy.”’ 

In the following year he established at Coalcoman, 
Michoacan, the first ironworks in Mexico, which, how- 
ever, were destroyed during the insurrection of 1811.'* 
An incident related by Ramirez! illustrates the fairness 
of del Rio’s judgment. When the master blacksmith at 
the Coalcom4n ironworks, who regarded his own skill as 
superior to that of del Rio, asked for the use of an 
experimental furnace, Professor del Rio granted the 
request. Although the experiments resulted disas- 
trously, del Rio’s report merely stated: ‘‘Pillado did not 
succeed very well, but these are the first experiments.” 

Von Humboldt, who was greatly interested in del 
Rio’s pumping engine, described it as follows: ‘“This 
engine, which is the first of this kind constructed in 
America, is much superior to those in the mines of 
Hungary; it was constructed according to the esti- 
mates and plans of Sefior del Rio, professor of miner- 
alogy of Mexico, who has visited the most famous mines 
of Europe and who possesses most thorough and varied 
erudition; and M. Lachaussée, an artisan native of 
Brabant, a man of marked ability, built it.... It is 
unfortunate that this beautiful engine, whose throttle 
valve is provided with a special mechanism, is set up in 

4 


17 Dg Rio, ‘“‘Elementos de orictognosia,”’ 2nd ed., John Hurtel, 
Philadelphia, 1832, pp. 484-5. 
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a place where it is difficult to get enough water to run it 
continuously....’’ The Baron then explained that the 
amount of water had been estimated in an unusually 
rainy year, and added that ‘‘Sefior del Rio, when he 
arrived in New Spain, had no other aim than that of 
proving to Mexican mine operators the effect of such 
machines and the possibility of making them in this 
country....”"° Ramirez! stated, however, that del Rio 
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had predicted the diminution of water supply, but had 
been unable to prevent the deforestation which had 
caused it. 

In 1820 deputies were appointed to the Spanish 
court. H.H. Bancroft stated in his ‘‘History of Mex- 
ico” that this election ‘‘took place with no little dis- 
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order” and that “‘...the choice fell almost exclusively 
on ecclesiastics and lawyers, with a sprinkling of soldiers, 
merchants, and men of no particular calling, among 
whom were three natives of Spain.’’!* One of the 
latter was Andrés Manuel del Rio, who pleaded earnestly 
for the independence of his adopted country. Although 
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In a presentation copy of his translation of Karsten’s 
‘Mineralogical Tables,” del Rio wrote as follows: ‘‘To the 
Philosophical Society of Philadelphia this work is most 
respectfully dedicated, which contains four new dis- 
coveries, viz.—the sulphur of manganese, acknowledged 
by Mr. Proust to have been discovered by me—the sous- 
chromate of lead, the analysis of which is contained in these 
tables, and was published in the Annales of Natural 
Sciences at Madrid as a discovery of mine a year before 
that of Mr. Des-Cotils at Paris—the hydrophanous copper 
(the Dioptase of Mr. Hauy), which contains the same 
principles of that found in Sibiria and analyzed by Mr. 
Lowitz, viz., silex, water, and oxide of copper—also the 
lavender bleu copper ore, which is a carbonate of copper 
and silver possessing the greatest proportion of the former, 
by the translator André del Rio, Mexico the 2 June 1818.” 


Elhuyar resigned his position and returned to Spain 
during the struggle, del Rio was in sympathy with the 
new cause’® and, according to Maffei and de la Rua 
Figueroa,! was one of the few deputies to vote for 
absolute independence. 


18 BaNncroFT, ‘‘The works of Hubert Howe Bancroft,” A. L. 
Bancroft and Co., San Francisco, 1885, vol. 12, p. 699. 

19 GALVEZ-CANERO, A. DE, ““Apuntes biograficos de D. Fausto de 
Elhuyar,” Gr&ficas reunidas, Madrid, 1933, pp. 107-68. 
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During his visit to Spain, del Rio was offered the 
directorship of the mines of Almadén and of the Mu- 
seum of Sciences in Madrid, but he preferred to return 
to Mexico. While he was in Bordeaux, Sefiora de 
Elhuyar said to him, ‘‘Where are you going, del Rfo? 
Don’t you know that Mexico has become independent ?”’ 
“Yes,” replied del Rio, ‘and I am going home to my 
country.”! Because of his loyal friends and eager, 
intelligent students, his splendid collection of minerals 
from both hemispheres, the undiscovered wonders of 
the new world, and the charm of his virtuous Mexican 
wife, del Rio had come to regard Mexico as his home- 
land. Perhaps another incentive for his return was the 
impressive structure for the School of Mines which had 
been completed in 1813, and which Mr. Beulloch, a 
contemporary English traveler, described as follows:?° 

“The edifice in which it is located excels in its dimen- 
sions and in the beauty of its architecture all those in 
Europe destined for the same purpose. It was erected 
at great cost [11/2 million pesos] and amply provided 
with everything necessary for the mine owners and 
other rich inhabitants.’”’ Earthquakes soon damaged 
the noble structure to such an extent that by 1830 
extensive repairs were needed. The'architect took the 
high building apart, placed the stately columns in the 
patio, and put them back in place without losing a 
single piece.’ 

In 1824 del Rio published an analysis of a gold- 
rhodium alloy from the smelting house in Mexico which 
was similar to the gold-palladium ingot previously re- 
ported by Joseph Cloud, director of the Philadelphia 
Mint.?!_ Three years later he published a translation of 
Berzelius’ ‘‘New mineral system.’’*? He served for 
some time on a committee appointed to inspect the 
money and improve working conditions at the Mint. 

In acknowledgment of his allegiance, the new govern- 
ment, which expelled most Spaniards from Mexico in 
1828, made an exception in the case of del Rio. Never- 
theless he preferred to share the fate of his fellow- 
countrymen and therefore spent four years of voluntary 
exile in Philadelphia. In the preface to the second 
edition of his ‘Elements of Oryctognosy,”’ published in 
Philadelphia in 1832 at the expense of the Mining 
Tribunal of Mexico, he wrote: 

“Knowing by experience the happy disposition of 
Mexican youth for the study of these sciences, I wish in 
the last third of my life to consecrate to it the limited 
product of my efforts, immeasurably happy if I can 
some day be useful to a country where I have lived for 
thirty-five years, receiving every kind of distinction. 


20 BEULLOCH, “‘Viage a México en 1828,” El Album Mexicano, 
Imprenta del Cumplido, Mexico, 1849, vol. 2, p. 492; See also: 
RIcKARD, T. A., ‘Journeys of observation among the mines of 
Mexico,’ Dewey Publishing Co., San Francisco, 1907, pp. 30-31. 

21 Det Rfo, “‘Analysis of a specimen of gold found to be al- 
loyed with rhodium,” E/ Sol, Dec. 11, 1824; Am. J. Sci., 11, 
298-304 (1826); Ann. chim. phys., [2], 29, 187-47 (1825); Annals 
of Philosophy, {2}, 10, 251-6 (Oct., 1825); Smarr, E. F., ‘“‘Chem- 
istry in old Philadelphia,” J. B. Lippincott Co., Philadelphia, 
1919, pp. 86-90. 

22 DeL Rio, ‘‘Nuevo sistema mineral del Sefior Bercelio del 
afio de 1825,’ Imprenta del Aguila, Mexico, 1827, 28 pp. 
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If the result is not proportional to my high aim, it will 
at least be admitted that I aspire to manifest in the only 
manner possible to me my gratitude for the distin- 
guished favors with which the Mexicans have honored 
me; my only merit is to be thankful.’’” 

In his unassuming devotion to his teaching duties, del 
Rio resembled John Dalton. One day in 1841, when a 


A LA MEMORIA DEL DISTINGUIDO SABIO 


EL EAPERTO MINERO ¥ CELEERE 
MINERALOGISTA 


D. ANDRES MANUEL DEL RIO 


CUYA MERECIDA PAMA LO DESIGNO 
‘ PARA SER EL 


INTROBUCTOR DE LA8 CIENCIAS NATURALES 


EN NUBSTRA PATRIA 


CUYO ACENDRADO AMOR A MEXICO LO HACE FIGURAR ENTRE 
NUESTROS MAS ILUSTRES COMPATRIOTAS; 
Y EN CUYAS OBRAS CIENTIFICAS HAN BEBIDO LA INSTRUCCION NUESTRAS 
GENERACIONES DE MINEROS, 


ESTE INSIGNIFICANTE TRABAJO 


EL MAS RESPETUOSO DE SUS ADMIRADORES, 


DEDICATION PAGE oF ‘THE MINERAL WEALTH OF MEXICO 

AND Its PRESENT STATE OF DEVELOPMENT,” WHICH S. 

RAM{REZ WROTE FOR THE NEW ORLEANS EXPOSITION OF 
1884 


Translation: ‘‘To the memory of the distinguished 
scientist, expert mine operator, and celebrated miner- 
alogist, D. Andrés Manuel del Rio, whose well deserved 
fame designated him to be the introducer of the natural 
sciences into our country, whose stainless love for Mexico 
makes him figure among our most illustrious fellow citi- 
zens, and from whose scientific books our generations 
of mine operators have imbibed instruction, this unim- 
portant work is dedicated as a tribute by the most re- 
spectful of his admirers.” 


student knocked at the door of his classroom to an- 
nounce a distinguished visitor, del Rio asked the mes- 
senger to have the visitor wait for him. When the bell 
rang at the close of the class period, del Rio greeted 
Sefior Calderon de la Barca, minister plenipotentiary 
from the Court at Madrid. His Excellency, moreover, 
was not offended at the delay.! 

Del Rio belonged to many scientific organizations of 
France, Germany, Great Britain, Mexico, and Spain, 
and was an active member of the American Philosophi- 
cal Society and president of the Geological Society of 
Philadelphia. From 1830 to 1834 he attended the 
meetings of the American Philosophical Society, took 
part in the discussions, donated books which are still in 
possession of the Society’s library, and presented papers 
for publication. 

The translation of Karsten’s Tables contains in del 
Rio’s handwriting the following note of presentation: 
“To the Philosophical Society of Philadélphia, this 
work is most respectfully dedicated, which contains 
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four new discoveries—the sulphur of manganese, ac- 
knowledged by Mr. Proust to have been discovered by 
me—the sous-chromate of lead . . . the hydrophanous 
copper . . . also the lavender . . . copper ore.” This 
note was written in 1818, but in 1827 del Rio wrote: 
“T thank Sr. Breithaupt for . . . believing me the first 
discoverer of manganese sulfide . . . I am indeed [dis- 
coverer] of that of los: Mijes in the state of Oajaca 
[Oaxaca]; but we must be just. Sr. Proust discovered 
that of Transylvania two years before.’’?? Del Rio 
added that at that time many European discoveries 
were not known in Mexico until ten or twelve years after 
publication. In the second edition of his ‘‘Elements of 
Oryctognosy,” del Rio wrote: ‘In a work such as this 
little can be called one’s own: only a few articles belong 
to me, such as the manganese sulfide of Oaxaca, the 
brown lead of Zimap4n, the mercury iodide of Casas 
Viejas, the blue silver of Catorce, and the zinc selenide 
of Culebras.’’!” 

His requests for a small specimen of ‘‘sulphuret of 
silver’ and other minerals for analysis were granted by 
the Philosophical Society. At its meetings he must 
have met A. D. Bache, F. Bache, Robert Hare, Joseph 
Henry, G. W. Featherstonhaugh, and other contempo- 
rary American scientists. Ramirez! mentions a process 
of purifying mercury which del Rio had learned from 
Professor Hare of Philadelphia. 

In 1830 del Rio read a paper on Becquerel’s method of 
reducing silver ores.2* His paper** on the crystals 
developed in vermiculite by heat begins: ‘‘A pupil of 
the celebrated Werner, I have always been more of a 
Neptunian than a Plutonist, notwithstanding the many 
crystallizations produced in the dry way. A new in- 
stance which has come under my observation in the 
crystals of vermiculite has contributed materially to 
change my opinions... .” 

Dr. Meigs had heated a specimen of vermiculite in a 
candle flame and had shown del Rio the worm-like fila- 
ments which shoot out from it. Under the blowpipe, 
the Mexican scientist obtained from it oblique prisms 
nearly an inch long, which were also “crooked and 
worm-like.’’ Vermiculite is a hydrous silicate generally 
produced by alteration of mica. 

Between 1835 and 1837 several polemical articles by 
del Rio and Charles U. Shepard, the well-known 
American mineralogist and collector of meteorites, 
appeared in the American Journal of Science.?® 

In 1834 del Rio was given the chair of geology in addi- 
tion to that of mineralogy. Before returning to Mex- 
ico, he purchased for the Mining Seminary a splendid 
collection of shells and fossils collected by a Polish 
naturalist who had recently died in Philadelphia. In 


23 Dex Rfo, “Silver ores reduced by the method of Becquerel,” 
et Am. Phil. Soc., N. S., 4, 60-2 (1834). Read Nov. 5, 
1830. 

24 Dex Rio, “‘On the crystals developed in vermiculite by heat,” 
tbhid., 5, 187-8 (1837). Read Nov. 1, 1833. 

2% SHEPARD, C. U., ‘Reply to ‘Observations on the Treatise of 
Mineralogy of Mr. C. U. Shepard, by Andrés del Rio. . . ”’, Am. 
J. Sci., 27, 312-25 (1835); pet Rio, ibid., 30, 384-7 (1836); 
tbid., 31, 131-4 (1837). 
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1841 he published a manual of geology describing the 
fossil flora and fauna of the various rocks, with special 
emphasis on those found in Mexico.”*® Two years 
later del Rio, then about seventy-eight years of age, 
served on a committee to study the manufacture of 
porcelain and determine whether or not the raw ma- 
terials were available in the Republic. Their report, 
which was highly praised by the Bureau of National 
Industry, was published in E/ Siglo XIX on May 10, 
1843, and a porcelain works was established at Puebla.’ 

Two years later del Rio was still serving as professor 
of mineralogy, but in the following year he asked for a 
substitute in order that he might complete the supple- 
ment to his textbook, which was to include discussions 
of the most recent discoveries made in Europe and the 
United States. According to Sefior Ramirez,’ this was 
published in 1849.2” In spite of failing eyesight, del 
Rio continued, almost to the close of his life, to con- 


26 Dev Rfo, “Manual de geologia extractado de la lethaea geog- 
néstica de Bronn con los animales y vegetales perdidos. . . ,” 
Ignacio Cumplido, Mexico, 1841. 

27 Det Rio, “Suplemento de adiciones y correciones de mi 
Mineralogia impresa en Filadelfia en 1832,’’ Tipografia de R. Ra- 
fael, Mexico, 1849. 
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tribute to the literary and scientific periodicals of 
Mexico, yet in spite of his illustrious services, he was 
reduced to poverty in his old age.2* On March 23, 1849, 
he suffered a fatal cerebral attack. 

Del Rio’s colleague, Don Joaquin Velazquez de Leén, 
said in his eulogy: ‘“‘I still seem to see him leaving this 
college at the close of the day’s teaching, with his book 
under his arm (for he used to say that the support of 
science does not dishonor anyone); surrounded at the 
doorway of the institution by the unfortunate and the 
destitute, sharing with them his meager salary, and 
returning to aid those who were already waiting for him 
at the doors of his home.”! In 1877 a rich mining 
region of Chihuahua was named in his honor the Andrés 
del Rio canton, with Batopilas as its capitol.’ 

It is a pleasure to acknowledge the kind assistance of 
Miss Eva Armstrong of the Edgar Fahs Smith Me- 
morial Library, the library of the American Philosophi- 
cal Society, Dr. E. Moles and Sefior A. de GAlvez- 
Cafiero of Madrid, and Dr. F. B. Dains. 


2 Mo_es, E., ‘‘Discurso leido en el acto de su recepcién. Del 
momento cientifico espafiol 1775-1825,” Acad. ciencias exactas, 
fisicas, y naturales de Madrid, C. Bermejo, Madrid, 1934, pp. 
97-105. 





UNIVERSITY RECOGNITION of 


PROFICIENCY in HIGH- 
SCHOOL CHEMISTRY’ 


JESSE E. DAY 


The Ohio State University, Columbus, Ohio 


Educational institutions are conservatively recognizing 
subject-matter proficiency of their incoming first-year 
students. The type of examination used in measuring 
the degree of this proficiency is discussed, the laboratory 
part being given in some detail. The results thus far 
warrant the continuation of the recognition. 


+++ + + + 


OR the past quarter-century there has been a 
markedly growing high-school interest in chemis- 
try.| Simultaneously, there have been varied 
university efforts, sometimes reluctant, to accord appro- 
priate recognition to the chemistry differential between 


* Presented before the Division of Chemical Education at the 
88th meeting of the American Chemical Society, Cleveland, 
Ohio, September 11, 1934. 

j At this university the ratio of students entering chemistry 
without versus with high-school chemistry has gradually risen 
from 1:0.57 in 1910 to 1:1.8 in 1924 to 1:2.8 in 1933—a ratio 
change of 500%. 


the students entering college chemistry with or without 
one year of high-school chemistry or its equivalent. 
Less than a decade ago the Division of Chemical Edu- 
cation commissioned a group of its membership to study 
the reputed overlapping of high-school and elementary 
college chemistry. It is reasonable to assume that a 
permanent solution of the problem will never be 
reached, for both chemistry and education are adding 
tissue which is not necessarily adipose. 

The educational experiments reported in the appro- 
priate journals substantiate that teachers of chemistry 
are reasonably cognizant of the varying degrees of 
achievement and aptitude in chemistry exhibited by 
students enrolling in first-year collegiate chemistry. 
Our own measurement effort was begun in 1926 by the 
use of the placement examination as a major factor in 
determining whether or not the applicant was at all 
qualified for admission to our more advanced first-year 
course. By 1929, it was patent that from the results 





APRIL, 1935 


of this same examination we could also select, with en- 
couraging assurance, those students with chemistry 
as an entrance unit who were capable of beneficially 
completing three quarters of first-year chemistry in 
two quarters. Our first three attempts in this direc- 
tion encountered administrative difficulties along with 
the age-old academic problem of preservation of aca- 
demic integrity. 

Of the well-foundationed institutions of higher learn- 
ing, The University of Chicago was the first to recognize 
extensively the subject-matter proficiency of its in- 
coming students. Last year Henry C. Mills! described 
the then latest venture of the University of Buffalo in 
anticipating college credit. He concludes—“ 
evident that high school and college, as far as the 
brilliant pupil ‘is concerned, are still far from well- 
articulated.’’ There are those who are not sympathetic 
with the granting of proficiency degree-credits, some on 
the grounds that the student thereby misses contact 
with some inspiring teachers; others seemingly have a 
sacred faith in the traditional four years, etc. Further 
objections are obvious and all of the rebuttals are 
equally potent, if not more so, in the judgment of the 
author. Despite these honest objections, the colleges 
and universities are not marking time, as is evidenced 
by the fact that, e. g., Ohio State University now honors 
proficiency to the extent of 30 quarter credit hours to- 
ward a baccalaureate degree, the colleges within the 
university, however, having reasonable autonomy as 
to the quality of this proficiency. 

To the author’s best knowledge, proficiency in first- 
year chemistry has been determined usually* by a for- 
mal examination on textual material. The majority 
of those interested still regard chemistry as a labora- 
tory science. Prior to 1930, most high schools found it 
financially possible to enlarge on the laboratory phase 
of the course. Since then high-school laboratory work 
has been curtailed. As our own more advanced course 
still emphasizes laboratory work, we felt that the 
actual manipulative feature should be a part of the pro- 
ficiency examination. Our proficiency examination in 
1933, therefore, was divided into a 3-hour written and a 
3-hour laboratory examination. (This examination 
covered only the first quarter of the course—our ex- 
perience indicating that there would be few if any 
candidates for the subsequent quarters.{) Recentlyt 
the individual student grades for the two examinations 
were individually correlated with the final grade for the 
quarter. The textual grade gave a positive and the 
laboratory one a negative value. In order, then, to get a 

1Muuts, H. C., Sch. & Soc., 38, 577 (1933). 

* In 1916 at Louisiana State University the author had a 
slight contact with a lJaboratory examination in awarding state 
scholarships. This type of examination probably came into 
being there a few years earlier. 

t In last year’s group was found one student who had com- 
pleted practically as much laboratory work as is required in our 
elementary qualitative analysis course. Surface scrutiny dis- 
closed, however, that this student possessed practically no 
knowledge of the fundamental principles underlying systematic 
qualitative analysis. ‘ 


¢ Dr. R. W. Tyler of our Bureau of Educational Research 
made this study. 
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correct measure of the student’s ability in the course, 
both of the grades are a necessary part of the picture 
when one of the objectives of the course is laboratory 
technic. 

Approximately 600 students took the placement 
examination last autumn. This examination was ar- 
ranged in sections, these being (without respect to 
importance): (1) principles, laws, and factual material; 
(2) history; (3) valence; (4) formulas and chemical 
names; (5) common substances; (6) equations; (7) 
chemical vocabulary; (8) physical constants; (9) the 
solubility and color of certain common substances,** 
and (10) problems. The papers of the upper fifth of 
those who had taken the placement examination were 
scrutinized carefully, in order to ascertain which, if 
any, of these students had a knowledge of the funda- 
mentals covered in our first-quarter course. With their 
consent, 77 students were permitted to take the pro- 
ficiency examination. Thirty-two of these satisfac- 
torily passed the examination and were given cor- 
responding credit toward a baccalaureate degree. 

The written part of the examination was patterned 
after our regular first-quarter final examination. The 
laboratory part of the examination merits some detail. 
The first-year exercise sought for the occasion was one 
which would not require more than 2.2 hours of a 2.6- 
hour period, the remainder of the time being necessary 
for the customary routine. The exercise must also 
afford the student exposition of the maximum number of 
typical elementary laboratory technics. The one 
selected was ‘‘Valence’’ (Magnesium).? 

The more important technics on which the laboratory 
evaluation was based were: use of the burner, glass 
tubing manipulation, use of the balance, assembling of 
the apparatus, experimentation and record form, with 
particular attention to ability to draw conclusions. The 
number of students assigned to each of the four ex- 
aminers never exceeded five at any one period. The 
highest percentage grade made was 93 and the lowest 
38, the weighted average being 72.8. 

In arriving at a total grade the written examina- 
tion was given a relative weighting of 4 and the labora- 
tory part of 1. The correlation study made by Dr. 
Tyler shows that the weighting should have been 2:1; 
this value is being used in this+year’s proficiency ex- 
amination. 

The two subsequent quarters of chemistry taken by 
the 32 students passing the proficiency examination 
proved conclusively that two of them either were not 
properly gaged by the examination, or else the course 
did not interest them further. The records support the 
first explanation. 

The natural question is—are the high schools of to- 
day offering college chemistry (or, the reverse) or did 
these students have an unusual chemical background? 


** This part was found not to have a reliable measurement value 
and is no longer used by us. 

2 McPHERSON, HENDERSON, AND Evans, ‘A laboratory 
manual arranged to accompany a course in general chemistry,” 
4th edition, Ginn and Co., New York City, 1934, 165 pp. 
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An interview and repeated contacts with each of them 
disclosed the following summarized typical case his- 
tories: had Kemkits, reviewed for state scholarship 
examination, had worked in a commercial chemical or 
pathological laboratory, was chairman of chemistry 
club, did outside reading or additional laboratory work 
in chemistry or physics, had an inspiring chemistry 
teacher, constructed a 6-inch reflecting telescope, etc. 
It is noteworthy that only one of these 32 students had 
reviewed specifically for the proficiency examination. 
A verbatim analysis of the proficiency examination 
papers of these students disclosed that they had not 
studied the fundamental concepts of chemistry as 
broadly as is done in the college course. An excellent il- 
lustration of this lack of breadth was the kinetic molecu- 
lar theory. The students were familiar with its 
application to matter in the gaseous state only. Group 
extension instruction was given on this and a few other 
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topics. The students were instructed individually on 
any laboratory deficiencies, as exhibited in the labora- 
tory examination. Although these corrective measures 
consumed several weeks, the work during the remainder 
of the two quarters could be and was conducted at a 
higher speed than was usual with the regular students. 

The recitation work in the course was comparatively 
informal. The wholesome effect of the decreased for- 
mality was reflected in the type of more advanced ques- 
tions presented for discussion by the class. 

In conclusion, the author regards the experiment, 
with some modification, highly worthy of further study 
and continuation. 

The thanks of the author are tendered Professor W. 
C. Fernelius, and the graduate student instructors, 
S. E. Smith, D. R. Jackson, and R. F. Robey, who con- 
tributed extensively both to the formulation and execu- 
tion of the experiment. 





VISUAL EDUCATION mm 


ALBUQUERQUE 


ELDRED R. HARRINGTON 


Albuquerque High School, Albuquerque, New Mexico 


UR city is like many western towns in that it is a 
() long distance from the large manufacturing in- 
This is a handicap in the teaching of 
chemistry and physics since these sciences are made up, 
in a large part, of fundamental ideas applied to indus- 
try. A teacher in Albuquerque cannot refer, off-hand, 
to the steel industry as can an instructor in Pittsburgh 


dustries. 


or in Youngstown. Our nearest steel mill is in Pueblo, 
Colorado, five hundred miles away, and our closest 
smelter is almost as far. The large manufacturing 
companies are represented only by sales offices in our 
city and thus offer nothing to a visiting class. 

The writer’s experience in civil and mining engineer- 
ing has led him to the belief that visual methods are 
far superior to formal book presentation. A descrip- 
tion of the lead and silver smelting process was cer- 
tainly made more effective by the display of a full set of 
samples showing all steps of the process. The samples, 
together with a detailed explanation of mining and 
smelting processes, were obtained from a large smelter 
in the Pacific Northwest. The use of potash fertilizers 
was made more interesting and instructive by the 
showing of large samples of the potash minerals do- 
nated by a mining company in this state. A motion- 
picture trip through a paint factory was supplemented 
by a lecture and a showing of a display illustrating all 
steps in the “Old Dutch” process. 


These visual aids are not expensive. Our school’s 
collection is the most complete one of its kind in the 
southwest and it has been obtained by the writer 
during the past four years at a total cost of about 
three dollars. If we were to purchase the materials on 
the open market the cost would be over a thousand 
dollars. 

The displays are obtained free of charge from large 
manufacturing concerns. We have sample products of 
almost every process referred to in our science texts. 
In addition we have many ores and minerals, machine 
models, and books and bulletins giving detailed informa- 
tion about the industries concerned. The exhibit mate- 
rial comes from every continent of the world. We have 
tea and silk from China, rubber from the Malay States, 
vanadium from South America, dyes from Germany, 
graphite from Mexico, and garnets from Alaska. 
We have exhibits of sugar, paper, portland cement, 
porcelain, glass, dyes, paint, spices, rayon, soap, clays, 
borax, potash, gypsum, rubber, asbestos, chemicals, 
wood, steel, dynamite, petroleum, etc. Our ore collec- 
tion includes products such as gold, silver, copper, lead, 
zinc, aluminum, tin, nickel, molybdenum, manganese, 
vanadium, iron, and chromium. Oxides, sulfides, 
chlorides, carbonates, silicates, and more complicated 
minerals are all illustrated. 

All our exhibits are housed in built-in cases along the 
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walls of the science laboratory. Several years ago a 
large slate blackboard took up one side of the room. 
This board was not needed in the laboratory and was 
needed at another school in the city. When the black- 
board was removed, a display case was constructed in 
the space left vacant. The writer showed that the 
cost of the case would be only a little more than the 
value of the blackboard obtained and the work was 
accordingly done. ; 

Some of the exhibits contain as many as seventy 
pieces. One of the sample cases cost the manufacturing 
company fourteen dollars to ship here. Incidentally 
that very display had no trademark on it nor any other 
means of identifying the company it came from. This 
would be a very strange procedure to follow if the com- 
pany had any mercenary ideas about advertising in the 
schools. 

As a school administrator in a northern state the 
writer had some experience with societies seeking to use 
the schools as advertising media. There were “‘eat- 
more-lamb’” campaigns, ‘“use-more-dairy-products”’ 
week, etc. The articles mentioned were important 
commodities in the community so the movements went 
unchallenged even though the “use-more-butter”’ 
speaker made a very unscientific attack on oleomar- 
garine. The same community might have objected to 
an illustrated lecture by a representative of some indus- 
trial company but if so they would have had no just 
right to do so. The writer has encountered less high- 


pressure advertising from reputable industries than he 


has from local societies who have ‘‘axes to grind.”’ 

We recently received a sample of gold ore containing 
considerable wire gold. The old mine from which it 
came has been a large producer in California for seventy 
years. They naturally have no trouble in disposing 
of their product. It is difficult to see where any ad- 
vertising is involved. We have a Utah beet-sugar dis- 
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play placed alongside a cane-sugar display from 
Louisiana. The descriptive materials accompanying 
the samples state simple facts of production and dis- 
tribution without casting any reflections on their 
competing products. Certain business codes govern 
the large industries with the result that these industries 
often have more courtesy for their competitors than 
certain small local societies do for theirs. 

In our own city we have been free from mercenary 
drives. Our museum has grown and students and 
their parents have coéperated in its increase. Enough 
attention has been attracted to create a demand for the 
loan of a number of our samples. Two of the State 
institutions of higher learning have borrowed some of 
our materials. Students going on to the university 
have used our products and books for special reports. 
Ex-students not attending school but working in our 
small industries have come back and obtained informa- 
tion on steam and Diesel engines, armature winding, 
house wiring, drilling and blasting, mineral flotation, 
etc. Prospectors have come in to consult us on mining 
methods. 

Many of our graduates never attend institutions of 
higher learning. The courses in science must be able 
to justify themselves to the person who will go no 
farther. We wish not only to give an adequate prepa- 
ration to satisfy college entrance requirements but to 
give worth-while help to the student who will leave 
school to till the soil, work in the mines, drive a truck, 
sell groceries, repair automobiles, or work on the high- 
way. 

Our sample products, coming from all parts of the 
world, increase interest in our courses and increase the 
value of the courses by enlarging their scope. The 
system is working well here and the writer recom- 
mends it to other science instructors, especially those 
who teach in schools far from industrial centers. 





LABORATORY PREPARATION OF 
IODINE 


C. E. WHITE 
University of Maryland, College Park, Maryland 


THE METHOD given in almost all laboratory 
manuals for the preparation of iodine is the oxidation 
of sodium iodide by manganese dioxide in concentrated 
sulfuric acid. With the usual procedure it is very diffi- 
cult for the student to obtain any appreciable quantity 
of iodine with these reagents. For the past few years 
in the University of Maryland laboratories we have 
used a modification of the industrial process which 


employs the reduction of sodium,iodate with sodium 
acid sulfite and have found it very satisfactory. The 
following directions are used: ‘Mix in a small beaker 
9 ml. of 0.25 M sodium iodate with 10 ml. of 0.5 M@ 
sodium sulfite and add about 3 ml. of 2 N sulfuric acid. 
Shake carefully. The iodine should collect at the 
bottom of the beaker and the liquid may be decanted 
from it.” 

It is necessary to use proper quantities in this prepa- 
ration, since an excess of sodium sulfite will dissolve the 
iodine formed. The quantities given here will make a 
sufficient amount for all of the tests usually employed. 
The method has the advantage of being simple, efficient, 
and illustrative of a commercial process. 
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N. L. S. CARNOT 
1796-1832 


THE FOUNDER OF THERMO- 
DYNAMICS 


“I went to every book- 
shop I could think of, asking 
for the Puissance motrice 
du feu, by Carnot. ‘Caino? 
Je ne connais pas cet 
auteur.” With much diff- 
culty I managed to explain 
that it was ‘r’ not ‘’ I 
meant. ‘Ah! Ca-rrr-not! 
Qui, voici son ouvrage,’ 
producing a volume on 
some social question by 
Hippolyte Carnot; but 
the Puissance motrice du 
feu was quite unknown.” 


Thus, in 1845, did young 
William Thomson (who 
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W. THOMSON 
1824-1907 


THE DISCOVERER OF 
CARNOT 


was later to become Lord 
Kelvin) search in vain for 
Reflexions sur la puissance 
motrice du feu et sur les 
machines propres a develop- 
per cette puissance (Paris, 
1824), by Nicolas Leonard 
Sadi Carnot. “Quite un- 
known’’—such was the 
fate of the great memoir 
which laid the foundations 
of the second law of ther- 
modynamics, and _ its 
author, who, at twenty- 
eight, had done the 
“‘srandest work of the cen- 
tury in his province of 
thought.” 





LIQUID AMMONIA RESEARCH 
in 1934—A REVIEW 


GEORGE W. WATT 


The Ohio State University, Columbus, Ohio 


N ADDITION to the numerous publications deal- 
ing with liquid ammonia research which have 
appeared during the past year, this review also 

covers a number of papers published during the year 
1933. A few of these were not available at the time 
the first of these reviews (1) was prepared for publica- 
tion. Others were inadvertently overlooked. 

In one of his earlier publications concerned with the 
chemistry of liquid ammonia solutions, Franklin (2) 
offered the term ammonolysis as “‘a suitable designation 
for a class of reactions in which ammonia plays the 
part analogous to the action of water in ordinary 
hydrolytic reactions.’’ Subsequent studies of am- 
monolytic reactions have shown that they are of quite 
general occurrence and that they may be utilized in the 
preparation of a rather wide variety of nitrogen com- 
pounds. Further, it is to be noted that reactions of this 


type may usually be carried out with a minimum of 
experimental difficulty. A number of typical am- 
monolytic reactions will be discussed in the following 


pages. 

A method for the preparation of amino nitriles in 
high yields has been described by Menge (3). This 
method involves the ammonolysis of nitriles by means 
of liquid ammonia at room temperature. In this man- 
ner, Menge has prepared aminoacetonitrile by the ac- 
tion of liquid ammonia on glycolonitrile and has stated 
that the method may be used for the preparation of 
other compounds of this type. Pinck and Hilbert (4) 
have shown that fluorenone imide is produced in high 
yields by the ammonolysis of fluorenone. Similarly, 
a liquid ammonia solution of ammonium chloride am- 
monolyzes fluorenone anil to fluorenone imide and ani- 
line. 

The nature of the products formed when fatty oils 
are heated with liquid ammonia in an autoclave has 
been investigated by Oda and co-workers (5, 6). 
Olive, sperm, linseed, coconut, castor, fish, walrus, and 
chinese wood oils were completely ammonolyzed to 
solid products. It is believed that these reactions, 
which apparently proceed in a manner analogous to the 
hydrolysis of fats with water, give high yields of fatty 
acid amides. For example, Oda has shown conclusively 
that the principal product of the ammonolysis of coco- 
nut oil is the amide of lauric acid (7). 

In the course of his studies of the action of ammonia 
and amines on the esters of unsaturated acids, Morsch 
(8) has reported that methyl acrylate reacts with liquid 
ammonia at room temperature. The products obtained 
varied with the length of time during which the reac- 


tions were allowed to proceed. After 100 hours, the 
indicated yields of the following products were ob- 
tained: 
Methyl B-aminopropionate, 
H:NCH,CH,CO,CH;—2.5% 


Dimethyl ester of 8,8’-aminobispropionic acid—42% 
HN(CH.2CH2CO2CHs)2 


Trimethyl ester of 8,6’,8”-aminotrispropionic acid— 

15.5% 
N(CH:2CH2CO;CHs)s 

After 14 days, 8,8’-aminobispropionamide and £,8’,6”- 
aminotrispropionamide were found in approximately 
equal amounts, while at the end of five months, the 
latter product was found to predominate. Morsch (9) 
has also referred to the preparation of ethyl 8-amino- 
butyrate by the action of liquid ammonia at room 
temperature on ethyl crotonate, 


CH;CH:CHCO,C;H; + NH; — CH;CH(NH:)CH:CO,C:2H; 


Govaert (10) has shown that acetyl and benzoyl 
chlorides are ammonolyzed readily by liquid ammonia 
with the production of the corresponding acid amides. 
The acid chlorides in dry ether solutions were added 
to anhydrous liquid ammonia, after which the ether 
and ammonia were evaporated and the acid amides 
extracted with a suitable solvent. In carrying out 
these reactions, care must be taken to eliminate water in 
order to prevent the hydrolysis of the acid chlorides. 

The reaction between hydrazotriphenylmethane and 
sodium in liquid ammonia at 0° has been studied by 
Pinck (11). Hydrolysis of the reaction products gave 
a 90% yield of triphenylmethane. Similarly, the 
hydrolysis of the product formed in the reaction of 
hydrazophenylfluorenene with sddium in liquid am- 
monia gave a high yield of phenylfluorene. Wooster 
and Morse (12) have shown that the reduction of 
¥,7,y-triphenylpropyl iodide by means of a solution of 
sodium in liquid ammonia at its boiling point leads to 
the formation of a product which, upon hydrolysis, 
yields triphenylmethane. Of the possible mechanisms 
proposed to account for the above product, Wooster and 
Morse prefer the following: ; 
(CsHs)3C—CH2CH2I + 2Na — (CsHs)sC—CH2CH.Na + Nal 

(CsHs)sC—CH2CH2Na + 2e — (CesHs)sCNa + CH2:CH2 
(CsHs)3CNa + HOH — (CsH;)3;CH + NaOH. 


Thus it appears that the sodium triphenylpropide 
molecule undergoes a molecular rearrangement in- 
volving a spontaneous cleavage which gives rise to a 
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neutral molecule of ethylene and sodium tripheny]l- 
methide. As an intermediate in the preparation of 
7,¥,y-triphenylpropyl iodide, v,¥,7-triphenylpropyl 
ethyl ether was prepared in liquid ammonia at its 
boiling point in accordance with the following equa- 
tions: 
(CeHs)sCCl+ 2Na — (CsHs)sCNa + NaCl 

(CeH;s)3CNa + nmaamed — (CeHs)sC(CH2)20C2Hs + 


abr. 


They have also shown that y,7,7-triphenylpropyl 
iodide and £,8,8-triphenylethyl] chloride are not de- 
halogenated when treated with solutions of sodium 
nitrate in liquid ammonia at its boiling point. 

Wooster and Ryan (13) have studied the reduction of 
a number of phenylated olefines with solutions of alkali 
metals in liquid ammonia at —33.4°C. While these 
reactions were often complicated by ammonolysis, poly- 
merization, cleavage, etc., it was found possible under 
suitable conditions to saturate the double bonds in the 
side chains of every hydrocarbon investigated and to 
thus obtain the corresponding phenylated paraffins 
after decomposition of the intermediate organo-alkali 
compounds with ammonium chloride. The phenyl 
groups were not attacked by the alkali metals. Since 
it is possible to obtain highly concentrated solutions of 
the alkali metals in liquid ammonia, and since the sol- 
vent ammonia often enters into the reactions, this 
method of reducing phenylated olefines seldom results 
in reactions identical with those which occur in inert 
solvents. 

Govaert (14) has reported that the reduction of the 
tetrabromide of pentaerythritol, C(CH2Br),, by means 
of a solution of sodium in liquid ammonia leads to the 
formation of only very small quantities of tetramino- 
tetramethylmethane, C(CH:NH2),. It is unfortunate 
that Govaert and others continue to formulate reactions 
in terms of the hypothetical compound, NaNHs, since 
the existence of such a compound was disproved more 
than a quarter of a century ago. The theory that 
sodium dissolves in liquid ammonia by virtue of the 
formation of the so-called ‘“‘sodammonium” was long 
supported by Joannis (15). That such a view is un- 
tenable was first suggested by Seely (16) and definitely 
proved by Kraus and co-workers (17, 18) and by Ruff 
and Geisel (19). It has since been quite generally rec- 
ognized that sodium dissolves in liquid ammonia to form 
a true solution. 

Certain modifications of the method of Lebeau and 
Picon (20) for the preparation of butyne-1 have been 
described by Lai (21). He has reported that these 
modifications enable one to prepare this product in 
fairly large quantities with comparative ease. The 
above method involves the treatment of sodium acetyl- 
ide with ethyl iodide in liquid ammonia at low tempera- 
tures. While the first of the following equations is 
not in accord with the views of Lai, it probably repre- 
sents the course of the primary reaction: 


HC: CH + Na ~ HC: CNa + 1/.H. 
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Lai holds to the opinion that the monosodium acetylide 
is formed by the action of ‘‘sodammonium”’ on acety- 
lene. Nieuwland and co-workers (22) have reported 
the preparation of methyl and ethylacetylenes by the 
method due to Bourguel (23). This method involves 
the treatment of sodium acetylide in liquid ammonia 
with the appropriate dialkyl] sulfate. 

Vaughn (24) has pointed out that a solution of sodium 
in liquid ammonia may be used as an agent for the re- 
moval of hydrogen halides. He has investigated 
the action of this reagent, at —33.5°C., on a number of 
organic halides which might be expected to yield 
acetylenes upon dehydrohalogenation. Thus, £- 
bromostyrene, p-methyl-a-chlorostyrene, and styrene 
dibromide gave fair yields of the corresponding sub- 
stituted acetylene. a-Chlorostyrene, stilbene di- 
bromide, and 2-bromodecene-1 were reduced to phenyl- 
ethane, bibenzyl, and decene-1, respectively. Since all 
of the above reactions yielded some hydrogenation 
products, this method is not particularly well suited to 
the preparation of pure acetylenes. 

Miller and Roberts (25) have investigated the re- 
actions of certain amino acids and related substances 
with sodium in liquid ammonia. They have attempted 
to correlate the volume of hydrogen evolved with the 
nitrogen content of the sample and the quantity of 
sodium used. Glycine and alanine were found to react 
as monobasic acids. Mixtures of amino acids and of 
amino acids and diketopiperazine yielded less hydrogen 
than would be expected on the basis of the amount 
evolved by the constituents of the mixtures taken sepa- 
rately. The peptide linkage in dipeptides was found 
to be non-acidic in liquid ammonia. 

The formation of 2-aminoquinoline by the action of 
alkali and alkaline earth amides on quinoline in liquid 
ammonia solution has been studied by Bergstrom (26). 
Vields of from 5 to 11% were obtained with alkali 
amides in the presence of metallic mercury, while with 
the amides alone, resinous materials were formed. 
Using barium amide, fairly high yields of 2-amino- 
quinoline were obtained in accordance with the equa- 
tions: 

2CsH;N + Ba(NHz2)2 — (CeyHsNNH).Ba + He 
(C,H:NNH);Ba + 2HOH — 2C,;HsNNH; + Ba(OH):. 
Lithium, strontium, and barium nitrates and barium 
thiocyanate were found to act as positive catalysts for 
the first of the above reactions. A slight reaction was 
observed to occur between quinoline and strontium 
amide, while calcium amide was found to be unreactive. 
Similarly, Bergstrom (27) has shown that the reaction 
between iso-quinoline and certain metal amides 
in liquid ammonia solution at room temperature re- 
sults in the formation of amino-iso-quinoline. The 
highest yields were obtained with potassium amide, 
while the amides of lithium, sodium, strontium, and 
barium gave somewhat lower yields. Calcium and 
magnesium amides were found to be relatively unre- 
active toward iso-quinoline. A study of the action 
of a number of ammono-salts on iso-quinoline has shown 
that NaK,N-2NH; and BaKN-:2NH; react to form 
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amino-iso-quinoline. The extent to which an amide 
or salt reacts with iso-quinoline is believed to be a func- 
tion of its ability to furnish amide ions in liquid am- 
monia solution. 

In connection with their studies of the tautomerism 
of cyanourea with guanyl isocyanate, Blair and Smith 
(28) have shown that cyanourea, a mixed aquo-am- 
mono-pyrocarbonic acid, behaves as a tribasic acid in 
liquid ammonia. They have prepared the mono-, 
di-, and tripotassium salts by treating cyanourea with 
potassium amide in liquid ammonia solution at room 
temperature. The monopotassium salt is quite soluble 
in liquid ammonia while the di- and tripotassium salts 
are insoluble. 

An interesting study of the chemical behavior of 
benzophenoneimine has shown that this compound 
exhibits the properties of an aromatic ammono ketone- 
alcohol (29). This imine was prepared by the am- 
monolytic action of liquid ammonia at its boiling point 
on the addition product formed between benzonitrile 
and phenylmagnesium bromide. With hydroxylamine 
in liquid ammonia at room temperature, benzophenone- 
imine reacts to form practically a quantitative yield 
of the corresponding oxime. A monosodium salt was 
formed by the action of sodium amide on benzophenone- 
imine in liquid ammonia at room temperature, 


(CeHs5)2C: NH or NaNH; ae (CeHs)2C: NNa oa NH; 


while a similar reaction with potassium amide resulted 
in the formation of a dipotassium salt, 


(CeHs)2C: NH + 2KNH; — (CeéHs)2C(NHK): + NH. 


The reduction of benzophenoneimine by means of solu- 
tions of the alkali metals in liquid ammonia at room 
temperature apparently led to a partial reduction of the 
imine to benzohydrylamine which reacted with excess 
imine to form benzophenonebenzohydrylimine, 


(CeHs)2C:NH + aa — (CeHs)2C:NCH(CeHs)2 + 


By analogy to the reduction of an aquo-ketone, it might 
be expected that the reduction of benzophenoneimine 
would result in the formation of an ammono benzo- 
pinacol or benzopinacolone, but no evidence for the 
formation of such compounds was obtained. 

The results of an investigation of certain reactions of 
carbohydrates in liquid ammonia have recently been 
published by Muskat (30). With the exception of the 
free sugars, which react with liquid ammonia to form 
amino derivatives, most carbohydrates are soluble in 
and unreactive with liquid ammonia. It has been 
shown that carbohydrates containing a free hydroxyl 
group react with alkali metals or their amides to form 
alkali salts. By allowing these salts to react with 
alkyl, aryl, or acyl halides, either in liquid ammonia 
or in an inert solvent, it is possible to introduce various 
substituents into the carbohydrate molecule. It has 
also been found possible to introduce phosphorus, 
arsenic, antimony, bismuth, sulfur, silver, and mercury 
into the carbohydrate molecule, although the isolation 
and identification of certain of these products is some- 


times difficult. Further, Muskat has shown that carbo- 
hydrates containing potentially free aldehyde groups are 
oxidized by iodine in liquid ammonia to the correspond- 
ing acid amides. Apparatus, technic, and precautions 
to be observed in carrying out these reactions have 
been described. These reactions are usually effected 
at the boiling point of liquid ammonia. The complete 
methylation of iso-sucrose (31) has been accomplished 
through the use of liquid ammonia as the solvent. 

A method for the preparation of aldonic and sac- 
charinic acid amides by the ammonolysis of the lactones 
of the corresponding acids by means of liquid ammonia 
at its boiling point has been described (32). Thus, the 
ammonolysis of d-glucono-y-lactone gave a high yield 
of d-gluconamide. This method is comparatively 
simple and is believed to have certain advantages over 
other known methods for the preparation of this type 
of compound. It has been found that narcotine meth- 
iodide and methochloride are converted into narcein- 
amide hydriodide and hydrochloride, respectively, by 
treatment with liquid ammonia at its boiling point 
(33). By a similar treatment, hydrastine methiodide 
was converted to methylhydrastamide hydriodide. 
Methylhydrastine and methylhydrastine hydriodide 
are not ammonolyzed by liquid ammonia at its boiling 
point. 

Coleman and Maxwell (34) have shown that tolane 
and substituted tolanes may be prepared in good 
yields by the action of potassium amide on 1,1-diaryl-2- 
chloroethenes in liquid ammonia solution: 


(CeHs)2C:CHC1 + KNH, — CsH;C: CCsH; + KCl + NH. 


Tolanes may also be prepared by the action of potas- 
sium amide upon diaryl substituted dichloroethanes in 
liquid ammonia: 


(CeHs)2CHCHCl, + 2KNH: — CsHsC : CCsHs + 2KCl + 2NH; 


Continuing their studies of the iodination of sub- 
stituted acetylenes, Vaughn and Nieuwland (35) have 
iodinated xylyl, mesityl, o-, m-, and p-chlorophenyl, 
p-bromophenyl, and a-methylvinyl acetylenes with 
iodine in liquid ammonia at its boiling point. They 
found that the halogen-substituted phenylacetylenes 
iodinated much more rapidly than did the alkyl sub- 
stituted ones. This method for preparing iodoacety- 
lenes is characterized by high yields and the absence of 
complicating side reactions. 

Fulton and Bergstrom (36) have shown that the 
electrolysis of concentrated liquid ammonia solutions of 
the potassium salts of acid amidines (the fatty acids of 
the ammonia system) at high current densities results 
in the formation of hydrocarbons. The electrolysis of 
potassium acetamidine yielded methane in a manner 
analogous to the formation of hydrocarbons by the 
Kolbe synthesis in water: 
2CH,C(:NH)NHK + 2F — CH,CH; + NH.CN (at anode) + 

2K (at cathode). 
Acid amidines derived from nitriles containing two or 
more carbon atoms yielded mixtures of methane and 
ethane. 
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Wooster (37) has recently pointed out that liquid 
ammonia may be used to marked advantage in the 
study of the metal ketyls. He has shown that, in 
liquid ammonia at its boiling point, sodium benzo- 
pinacolate is largely dissociated into the corresponding 
metal ketyl, 


(CeHs)2CONa 
(CeHs)2CONa 


2 (CeHs)2CONa 


It has also been shown that the intermediate formation 
of the corresponding disodium compound, (CsHs)2- 
CNaONa, is not a determining factor in the rapid 
reactions of the metal ketyl. Wooster and Holland 
(38) have shown that the true mechanism of the re- 
action between a metal ketyl and an alkyl halide dif- 
fers from that proposed by earlier workers. They have 
presented evidence supporting the view that a reaction 
of this type proceeds as follows: 


CisHpONa ae C.H;Br ange NaBr + (CisHi50) 
(CysHis0) -+ Ci3H}ONa — (CsHs)2CO te (CsHs)2C(C2Hs)ONa 


the ketone being formed in the secondary reaction. 
This secondary reaction may be repressed by rapid 
utilization of the ketyl in the primary reaction, while if 
the alkyl halide is added slowly, high yields of ketone 
are obtained. 

In connection with their studies on the chemistry of 
the triethylsilicyl group, Kraus and Nelson (39) have 
carried out a number of reactions with triethylsilane 
and its derivatives in liquid ammonia solution: 


2(C:H;s)3SiH -+- KNH, —— {(C2Hs)3Si]loeNK ae 2H. 
[(CsHs)3Si ]2NK -f- NH,Br —> [(C2Hs)3Si],NH -+ NH; aa KBr. 


Triphenylgermanyltriethylsilane, (CsHs)3GeSi(C2Hs)s, 
was prepared by making the sodium salt of triphenyl- 
germanium in liquid ammonia solution, evaporating 
the solvent ammonia, and adding a benzene solution 
of triethylsilicon bromide. Reactions of related silicon 
compounds in solvents other than liquid ammonia 
have also been studied and apparatus for carrying out 
these reactions has been described. 

Johnson and Wheatley (40) have reported solubility 
values for germanous and germanic sulfides, and for 
sodium sulfide in liquid ammonia at —33°C. 


NaS GeS 
0.0017 0.0473 


GeS2 


G. sulfide/100 g. NHs 3.112 


These sulfides are not ammonolyzed by liquid ammonia. 
The sulfides of germanium were reduced by sodium in 
liquid ammonia in accordance with the following 


equations: 
GeS + 2Na — NaS + Ge 


GeS, + 4Na > 2Na.S + Ge 
xGe + 4Na — Na,Ge, 


When the sodium polygermanide was treated with am- 
monium bromide in liquid ammonia, monogermane was 
produced: 

Na,Ge, + 4NH,Br — 4NaBr + 4NH; + GeH; + (x — 1)Ge. 
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Dennis and Work (41) have reported that mono- and 
dichlorogermanes react readily with liquid ammonia 
at low temperatures. The following equations have 
been proposed to describe the course of these reactions: 


3xGeH;Cl + 3xNH; — 3xNH.Cl + xGeH, + 2(GeH),. 
GeH.Cl, + 2NH; — Ge + 2NH,CIl. 


A method for the preparation of pure monogermane, 
GeH,, in high yields has been described by Kraus and 
Carney (42). This method involves the treatment of 
magnesium germanide with ammonium bromide in 
liquid ammonia solution at —33.4°C. The crude re- 
action product, which consists of the monogermane, 
higher germanes, and hydrogen may be purified by 
treatment with a liquid ammonia solution of sodium. 
This treatment results in the formation of sodium 
germanides, all of which yield monogermane when 
treated with ammonium bromide. This method of 
purification is somewhat unipue in that the higher 
germanes which are present as impurities are converted 
into monogermane in the course of the process. Kraus 
and Carney have shown that sodium trihydrogermanide 
decomposes with rising temperature in accordance 
with the equation: 


NaGeH; — NaGe 4 1/,H». 


With molecular oxygen, NaGeHs; in liquid ammonia 
solution is apparently oxidized to an orthogermanate 
which loses water at room temperature, 


NaGeH; + 202 —_ NaOGe(OH)). 


Using magnesium silicide as the starting material, 
Johnson and Hogness (43) have shown that the above 
method may be used in the preparation of monosilane, 
SiHy. 

Dennis and co-workers (44) have observed that in- 
dium trimethyl is soluble in liquid ammonia at —35°C. 
They obtained no evidence of the formation of am- 
mines. 

McCleary and Fernelius (45) have shown that liquid 
ammonia solutions of the monotellurides, -selenides, 
and -sulfides of sodium are oxidized by molecular oxy- 
gen at —33.4°C. to mixtures of the corresponding 
-ite and -ate oxygen salts. Sodium disulfide was oxi- 
dized directly to sodium thiosulfate, while more com- 
plex reactions occurred in the case of the polytellurides, 
-selenides, and -sulfides. Kraus and Parmenter (46) 
have described certain improvements on a method for 
the preparation of the oxides of potassium. This 
method depends upon the oxidation of the metal in 
liquid ammonia solution by means of oxygen gas. 
Optimum conditions for the preparation of relatively 
pure specimens of K,0, and KO, have been given. 
Potassium trioxide, K,O3;, has been prepared by the 
oxidation of K;O.. Certain properties and reactions of 
these oxides have been described. 

It has been shown that titanium trichloride reacts 
with liquid ammonia at low temperatures to form a 
white hexammine, while under similar conditions, 
titanium dichloride forms a pearl-gray tetrammine 
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(47). When heated to 300°, TiCls-6NH; loses four 
moles of ammonia and forms what is believed to be a 
diammine. Experimental procedures and apparatus 
used in this work are well described. G. Spacu and co- 
workers (48, 49, 50) have prepared the ammonates of a 
large number of double salts by treating the anhydrous 
double salts with liquid ammonia at low temperatures. 
They have studied the behavior of these ammonates 
over a temperature range of from —80° to 120°C. 
In general, it was found that with increase in tempera- 
ture, the higher ammonates which are formed at low 
temperatures lose ammonia with the formation of more 
stable ammonates. Heats of formation for a number 
of these compounds have been calculated. Gruner (51) 
has prepared the solvates, BPOs3H2,0-NH; and 
BAsOy3H20-NHs by extracting the hydrates with 
liquid ammonia. 

Bjerrum (52) has reported that he has been unable 
to obtain evidence for the existence of the complex ion, 
Cu(NHs3).+*, in liquid ammonia solutions. 

Schwarz and Giese (53) claim to have secured evi- 
dence for the formation of the nitrosamine, H,NNO, by 
the ammonolysis of nitrogen trioxide, nitric oxide, 
nitrosyl potassium, nitrosyl sulfuric acid, nitrosyl per- 
chlorate, and nitrosyl chloride at low temperatures. 
oS, 

2N.0; + 4NH; > 3NHiNO, + Ne 
5ONOSO;H + 15NH; > — + 3N2 + 5(NHi).SO, + 
20. 
They believe that the nitrosamine, which they were 
unable to isolate, is unstable and decomposes in ac- 
cordance with one of the following schemes: 


2H:.NNO — NHiNO, + Nz 
H.NNO — N: + H:20 


In connection with this work, the following reactions 
were also shown to occur: 
KNH, + ONOSO;H + NH; ~ KNO, + H2NSO;3(NH,) 
38NaNH2 + 2NOCI — 2NaCl + NaNO, + 2NH; + Ne 
2CsHuNO, + KNH2 — (CsHiu)20 + KNO: + Nz + HzO. 


It has been pointed out previously by Fernelius and 
Watt (54) that the nitrosamine, H,NNO, is an aquo- 
ammononitrous acid. ' Their studies on the saponifica- 
tion of diarylnitrosamines in liquid ammonia at room 
temperature have shown that the decomposition of the 
unstable salt, KHNNO, occurs in accordance with the 
latter of the above decomposition schemes. 

The ammonolysis of phosphorus pentachloride by 
liquid ammonia at —50°C. has been studied by Moureu 
and Rocquet (55). The ammonolysis was found to 
proceed as follows, 


When heated, the phosphorus compound so formed 
loses ammonia, forming phospham, and, finally, phos- 
phorus nitride, 


3 A 
P(NH).NH2 — > N: P=NH + NH; . 


° 


480°C. 
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Strecker and Schwarzkopf (56) have prepared selenium 
nitride by the ammonolysis of the methyl and ethyl 
esters of selenious acid, 
OSe(OR)2 + 4NH; — Se(NH:2), + H:O + 2ROH 
6Se(NH2), > 12NH; + 6Se(NH): 


Similarly, Strecker and Mahr (57) have prepared 
tellurium nitride by the ammonolysis of tellurium 
tetrabromide, 


3TeBr, + 16NH; — TesNy + 12NH,Br. 


Numerous properties and reactions of these nitrides 
have been described. 

The reactions of potassium amide with sulfur in 
liquid ammonia solution have been studied by Berg- 
strom (58). The following reactions were found to 
occur under the conditions noted, 

KNH; in excess, at —33°C.: 

6KNH; + 3S — 2K2S + S(NK)2;NH; + 3NH; 
S(NK)2-NH; + heat — S(NK)2 + NH; 


S in excess, at —33°C.: 


6KNH; a 10S > 2K2S3 + Sa(NK)> + 4NH; 


Nieuwland and co-workers (59) have described a 
method for the preparation of sodium amide in liquid 
ammonia at its boiling point, and have used this amide 
in the preparation of a number of acetylenes from or- 
ganic halides by dehydrohalogenation. They believe 
that the conversion of sodium to sodium amide is 
catalyzed by ferric nitrate. Loane (60) has shown that 
ferric nitrate is reduced by sodium in liquid ammonia at 
its boiling point to very finely divided and highly re- 
active metalliciron. Since metallic iron is known to be 
an active catalyst for this reaction (61), it is highly 
probable that the catalytic influence observed by 
Nieuwland and co-workers is due, not to ferric nitrate, 
but to the freshly precipitated iron. In fact, the above 
writers state that ‘‘at the end of the reaction, most of 
the catalytic material is in the form of a finely divided 
black precipitate...’’ Loane has also reduced nickel 
nitrate, cobalt nitrate, manganous iodide, and a 
copper salt to the free metals by means of sodium in 
liquid ammonia. The pyrophoric metals so _pro- 
duced were oxidized at low temperatures and the re- 
sulting oxides used as catalysts for the oxidation of 
carbon monoxide. The efficiency of oxide catalysts pre- 
pared in this manner compares favorably with that 
of similar catalysts prepared by other methods. 

Additional evidence has been given by Franklin (62) 
in support of the view that hydrazoic acid is an am- 
mononitric acid. Various methods of preparing hydra- 
zoic acid and its salts, and the reactions of this acid 
with certain metals, halogen acids, inorganic, and or- 
ganic compounds have been described. The forma- 
tion of potassium azide by the action of potassium 
amide on potassium nitrate in liquid ammonia is par- 
ticularly worthy of note, 

KONO, + 3KNH; > KN:N: N + 3KOH + NH; 
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The highest yield of potassium azide was obtained by 
heating the reactants in a sealed tube to 130° to 
140°C. in the presence of liquid ammonia. The above 
reaction involves the ammonolysis of potassium aquo- 
nitrate to potassium ammononitrate. 

Cupric hydroxide has been found to be insoluble in 
liquid ammonia (63) and it has been suggested that 
this may be due to the dimerization of ammonia in the 
liquid state. The vapor pressures of systems consist- 
ing of kaolins or clays in liquid ammonia have been 
shown to undergo a gradual decrease (64). This is 
indicative of an absorptive retention of the ammonia 
by the solid phase. It has been found that liquid am- 
monia removes water only from the allophane portion of 
kaolin. 

It is interesting to note that Taylor and Jungers (65) 
have prepared an ammonia containing 99% deuterium. 
This ammonia was found to have a boiling point of 
—30.9°C. (—33.45°), a freezing point of —74°C. 
(—78°), a vapor pressure of 63 mm. at —70.9°C. (77 
mun.), and a latent heat of vaporization of 5990 cal./mol 
(5797 cal./mol). The values given in parentheses 
are those given by Taylor and Jungers for ordinary 
ammonia. 

Kameyama and Mori (66) have reported that the 
end result of the electrolysis of sodium nitrate in liquid 
ammonia at —40°C. may be expressed by the equation, 


38NaNO; + 2NH; ~ 3NaNO; + N: + 3H.:O 


While the formation of sodium nitrite was found to be 
the principal cathodic reaction, small quantities of 
alkali and hydrogen were also formed. The above 
workers evidently observed no further reactions involv- 


ing the sodium nitrite. Earlier work by Maxted (67) 
has shown that ‘‘disodium nitrite,’’ NazNOz, is deposited 
on the cathode during the electrolysis of sodium nitrite 
in anhydrous liquid ammonia. The same product was 
obtained by treating sodium nitrite in liquid ammonia 
with a liquid ammonia solution of sodium. Similar 
observations have been recorded by Zintl and Kohn 
(68). 

A liquid ammonia calorimeter, and its application to 
the determination of heats of solution and heats of re- 
action in liquid ammonia have been described by 
Kraus and Ridderhof (69). They have determined the 
heats of solution of a number of inorganic salts and the 
heat of solution of metallic sodium. The heat effects 
accompanying certain reactions have been measured 
and from these data the heats of formation of a number 
of compounds have been calculated. Kraus and 
Prescott (70) have made improvements on the above 
method and have determined the heats of solution of a 
number of salts not investigated by Kraus and Ridder- 
hof. In addition, they have checked some of the 
data given by the latter and offer values which they be- 
lieve to be more nearly correct. In general, heats of 
solution in liquid ammonia are positive, while in water 
the corresponding values are negative. Kraus and 
Schmidt (71) have extended this work and have given 
values for the heats of solution of lithium, sodium, 
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potassium, sodium bromide, ice, acetamide, urea, and 
phthalimide, and for solutions of sodium in the presence 
of potassium bromide, and of potassium in the presence 
of sodium bromide. The energy changes involved in 
the reduction of trimethyltin bromide to trimethyl- 
tin and to sodium trimethylstannide have been deter- 
mined. From these values, they have calculated the 
energy of bromination of trimethyltin and the energy of 
reduction of trimethyltin to the corresponding negative 
ion. ; 
Pressure-température-concentration relations in the 
binary system, hydrazine trinitride-ammonia, and in 
parts of the ternary system, hydrazine-hydrogen 
trinitride-ammonia, over ranges of from 0 to 3200 mm., 
—50° to 80°C., and 0 to 100% ammonia, have been 
investigated by Howard and Browne (72). Only one 
solvate of the hydrazine salt was found, namely, 
hydrazine trinitride hemiammonate, 2N2HsNs-NHs. 
At temperatures greater than —9°C., this substance is 
ammonolyzed in accordance with the equation, 


2N2H:N3-NH; + NH; = 2NHiN; + 2N2Hy. 
Below —9°, the ammonolysis proceeds as follows, 
2N2H;N3-NH; + 5NH; = 2(NHiNs:2NHs) + 2N2H, 


Griengl and co-workers (73) have made an extensive 
study of the conductivities and solubility relationships 
in the ternary systems, sodium—potassium—ammonia 
and sodium-—lithium-ammonia, between —40° and 
—70°C. The conductivities of dilute solutions of 
sodium and potassium and of sodium and lithium in 
liquid ammonia are practically additive. No evidence 
was obtained, from conductivity data, for compound 
formation between the alkali metals, but the solubility 
curve for the system, sodium-—potassium—ammonia 
(liquid) indicated the formation of the compound, 
NaeK. 

The solubility of urea in anhydrous liquid ammonia 
has been determined by Scholl and Davis (74). The 
solubility was found to increase from 25.1 grams urea/- 
100 grams NH; at —26.4°, to 1024 grams urea/100 
grams NH; at 101°C. Evidence was found for the 
existence of the ammonate, CO(NHe)2-NH3. Solu- 
bility values and vapor pressure data were obtained at a 
number of points over the above temperature range. 
The solubility of hydrogen in liquid ammonia at 25°, 
50°, 75°, and 100°C., and at pressures up to 1000 at- 
mospheres, has been determined by Wiebe and Tre- 
mearne (75). Values ranging from 1.695 cc. H2/gram 
NH; at 25°C. and a pressure of 25 atmospheres, and 
388.2 cc. H2/gram NH, at 100°C. and 1000 atmospheres, 
have been found. The solubility of hydrogen in liquid 
ammonia was found to increase with increase in tem- 
perature. 

The work of Guyer, Bieler, and Schmid (76) on the 
solubility of the chlorides and nitrates of sodium and 
potassium in ammonia-water mixtures is to be noted. 
Their data, presented graphically, cover the tempera- 
ture range of —40° to 25°C. Similarly, they have 
determined the solubility of calcium chloride octam- 
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monate (77) in ammonia-water mixtures and the 
solubility of sodium chloride in liquid ammonia in the 
presence of sodium nitrate. The metathetic reactions 
of calcium nitrate with sodium and potassium chlo- 
rides in ammonia and ammonia-water mixtures have 
also been described. 

The potentials of the cells, Zn (amalgam N2), ZnCh-- 
6NHxs), NH,Cl (in NH;(), f), TIC), Tl (amalgam 
Ni) at 25°C, have been measured by Elliot and Yost 
(78). The cells are reversible and, with the zinc and 
thallium in the amalgams at unit activity, give a 
standard potential, E°x23 = 0.9016 volt. With zinc 
and thallium present as the pure metals, the standard 
potential is E°o3 = 0.8293 volt. Using these and other 
data, they have calculated the free energies, heat con- 
tents, and virtual entropies for zinc chloride, its mono-, 
di-, tetra-, hexa-, and decammonates. They have re- 
ported that thallous chloride is soluble in liquid am- 
monia at 25°C. to the extent of 0.0259 mole/1000 grams 
NH3. Costeanu (79) has studied the cells, Cd, Cd- 
(NOs)e-4H20; NHsNO;; AgNOs, Ag, and Zn, Zn- 
(NOs)2-6H20; NHiNO;; AgNOs, Ag, in liquid ammonia 
and in ammonia containing 26.5%, 45.2%, and 80% 
water and at temperatures ranging from —75° to 18°C. 
The addition of water produced only slight changes in 
the potentials of the above cells and but little change 
in potential was produced by rather large tempera- 
ture changes. 

The electrode potentials of a number of metals in 
liquid ammonia at —50°C. have been determined by 
Pleskov and Monoszon (80). Particular attention 
was given to the problem of obtaining pure anhydrous 
materials. Where anhydrous salts could not be ob- 
tained for use as electrolytes, the corresponding am- 
monates were used. The following values, referred to 
the half-cell, Pb, 0.1 N Pb(NO3)2 in NH;(/) as 0 at 
—50°, were found: 


Zn Cd Cu Ag Hg Hz 
0.848 0.522 0.103 0.472 0.414 —0.351 


In contrast with the results obtained by a number of 
earlier workers, Pleskov and Monoszon have apparently 
succeeded in obtaining a reproducible potential with a 
hydrogen electrode in liquid ammonia. They have 
found it necessary to allow sufficient time to elapse for 
the system to come to equilibrium before reproducible 
values can be obtained and that the length of time 
required is a function of the preliminary treatment 
of the electrodes. They have demonstrated that 
variation in the potential during this initial period is 
due to the passivising of the electrode by oxygen, and 
have been able to reduce this effect to a minimum. 
Due to the lack of certain essential data, the above 
workers were unable to calculate accurately the ac- 
tivity coefficients for the ions in liquid ammonia 
solution. However, in the following table, values for 
a (the approximate ion activity coefficient in 0.1 NV solu- 
tions), the Ep (the normal electrode potential when 
Pb=0) and for comparison Ey,o (the normal poten- 
tial in aqueous solutions when Pb =0) are given: 
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Zn Cd Pb He Cu Ag Hg 
a = 0.14 0.14 0.12 0.39 0.25 0.38 0.05 
Eo = —0.851 -—0.512 0 —0.337 0.097 0.493 0.421 
Ey,.0 = —0.63 —-0.27 0 0.13 0.47 0.94 0.99 


Vasil’ev and co-workers (81) have reported values for 
certain optical constants of the crystalline ammonates 
of calcium chloride and cyanide and sodium chloride 
and cyanide. The ammonates of NaCN were found to 
be stable only at low temperatures. They have deter- 
mined the mutual solubility of sodium chloride and 
sodium cyanide in liquid ammonia between —41° and 
10°C. The solubility of sodium cyanide in liquid am- 
monia was found to increase with rising temperature. 
Similarly, Portnov and Vasil’ev (82) have determined 
the solubility of calcium nitrate and of barium nitrate 
in liquid ammonia. The solubility of both salts was 
found to increase with rising temperature and the 
tetrammonates of both salts have been identified. 

In connection with their studies on the physical re- 
lationships among the hydrides of the elements of the 
fifth group of the periodic arrangement, Robinson and 
co-workers (83) have collected numerous data of interest 
to those working with liquid ammonia. They have, 
for example, given values for the surface tension and 
parachor of ammonia at temperatures ranging from 
—56° to —33°C. While all of the values given cannot 
be reproduced at this time, it is of interest to note that 
they have obtained considerable evidence which indi- 
cates that ammonia is largely bimolecular at its boiling 
point and still more highly associated at lower tem- 
peratures. 

Hunt and Larsen (84) have described a method for 
measuring the vapor pressures of liquid ammonia solu- 
tions and have presented vapor pressure data for liquid 
ammonia solutions of ammonium nitrate, chloride, 
bromide, and iodide. These measurements, made at 
25°C., cover a wide range of concentrations. The 
heat conductivity of liquid ammonia over the tem- 
perature range, —15° to 30°C., has been determined by 
Kardos (85) and Oldham (86) has published a new chart 
embodying the latest data on the thermodynamic 
properties of ammonia. 

In a preliminary report on his studies of acid catalysis 
in non-aqueous solvents, Shatenstein (87) has presented 
data which show that the reaction between santonine 
and liquid ammonia is markedly catalyzed by either 
ammonium nitrate or ammonium chloride (acids in 
liquid ammonia). This reaction, which involves the 
opening of the y-lactone ring, proceeds as follows, 


CH; CH;H OH 


H 

Cc C—-O—C:0 
fe, | 

O:C . CH—CH—CH; 

Cc 


| 
HC 


| 
CH, 
VN 

C | CH, 

HCH; 


+ NH;-——> 


The course of the reaction was followed by the polari- 
metric method. Apparatus and technic applied in the 
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above work have been described. Shatenstein has 
indicated his intention to continue the study of acid 
and basic catalysis in liquid ammonia and other non- 
aqueous solvents, using as catalysts substances which 
should, on the basis of modern theories of acidity, 
function as acids and bases in these solvents. 

A method for effecting reactions in liquid ammonia, 
in cases where one or more of the reactants is only 
sparingly soluble, has recently been patented (88). 
Details of methods and apparatus for the manufacture 
of NH.COOK from KCl and NH:zCOONH,, and of 
(NH4)2SO,4 and Ca(NOs)2 from CaSO, and NH,NO; are 
described. Two patents (89, 90) covering methods 
for the purification of sodium chloride have been issued. 
The pure chloride is extracted from the crude salt with 
liquid ammonia at or near the temperature at which 
sodium chloride exhibits its maximum solubility, 
namely, —9.5°C. Another recent patent (91) covers 
a method for the preparation of pure sodium nitrate. 
This preparation is accomplished by treating sodium 
chloride in liquid ammonia with an alkaline earth ni- 
trate. 

A patent has been issued to Pranke (92) on a method 
for the preparation of sodium cyanide from sodium and 
crude calcium cyanamide or from sodium calcium 
cyanide. In either case, the sodium cyanide formed 
is separated from the other reaction products by ex- 
traction with liquid ammonia. Still another recent 
patent (93) is concerned with a method for the prepara- 
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tion of concentrated solutions of aqueous ammonia by 
the addition of liquid ammonia to water, or prefer- 
ably to water containing not less than 25% NH3. 
The use of liquid ammonia in the extraction (94) of 
substances such as sugar, nicotine, caffeine, etc., from 
animal or vegetable materials and in the preparation of 
amino nitriles (95) has been patented. An example 
of the latter is the preparation of 6-aminopropionitrile 
by heating acrylic nitrile with liquid ammonia in an 
autoclave. A review of new methods for the use of 
liquid ammonia in industrial processes has recently 
appeared (96). It has been found that urea may be 
prepared in a 50-60% yield by the reaction between 
carbon dioxide and liquid ammonia (97). This reac- 
tion has been effected by heating the reactants in an 
autoclave at 175-85° for approximately one hour. 

The use of liquid ammonia solutions of sodium in the 
research laboratory has been discussed briefly and an 
apparatus in which reactions involving such solutions 
may be carried out has been described (98). Numerous 
interesting analogies between the corresponding mem- 
bers of the nitrogen and oxygen systems of compounds 
have been pointed out by Franklin (99), and certain 
reactions in liquid ammonia have been discussed by 
Audrieth (100) in his review of the chemistry of hy- 
drazoic acid and its inorganic derivatives. An elaborate 
compilation of solubilities of inorganic substances in 
non-aqueous solvents, particularly liquid ammonia, has 
been made by Shatenstein (101). 
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VISUAL DEMONSTRATION OF THE EXTRACTION THEORY 
EUGENE W. BLANK 


Research and Development Dept., Colgate-Palmolive-Peet Co., 
Jersey City, New Jersey . 


THE THEORY of separation by extraction is usually 
introductory to the study of organic chemistry. Gat- 
termann! gives a lucid mathematical treatment of the 
subject in its practical applications in laboratory work. 

A visual proof that extraction of a given volume of 
solution by one large volume of an immiscible solvent 
is less efficient than numerous extractions with smaller 
volumes of the solvent may be demonstrated by extract- 
ing 25 ml. of a water solution of methyl red with 25 
ml. of ether. The water layer remains markedly red 


1 GATTERMANN, “‘The practical methods of organi¢ chemistry,” 
translated by Schober and Babasinian, The Macmillan Co., New 
York City, 1921, p. 46. 


in color whereas five extractions with 5-ml. portions of 
ether yields a practically colorless water layer. 

The water solution of methyl red is prepared by add- 
ing 2 ml. of methyl red indicator solution to 100 ml. 
of water. The indicator is reddened by the addition 
of 1 ml. of HCI (1:1). To prepare the methyl red indi- 
cator solution, dissolve 0.2 g. methyl red (para-di- 
methylaniline-azo-benzene ortho-carboxylic acid) in 
500 ml. of alcohol and dilute to one liter with distilled 
water. 

Numerous other materials, including iodine, were 
used in the development of this experiment, but methyl 
red was the only substance found satisfactory. 





ACCEPTED OBJECTIVES in the 
TEACHING of GENERAL 
COLLEGE CHEMISTRY’ 


OTTO M. SMITH 


Oklahoma Agricultural and Mechanical College, Stillwater, Oklahoma 


HIS project was undertaken as part of the work 

of the Committee on Examinations and Testst 

of the Division of Chemical Education of the 
American Chemical Society. A list of possible ob- 
jectives! was assembled from many sources in a ques- 
tionnaire form. Several questionnaires were sent to 
each of a representative list of schools. These included 
the land grant colleges, members of the American Asso- 
ciation of Universities, and a selected list of techno- 
logical institutions and colleges. This list was ob- 
tained from the Appendices No. II, page 834 of ‘‘Ameri- 
can Universities and Colleges’ (1928). The colleges 
were selected by choosing every third institution. 
Questionnaires were also sent to forty-seven authors of 
college and high-school texts. The 192 replies re- 


ceived from 112 schools were distributed as follows: 


Number Replies 


Land Grant Colleges 30 57 
Universities 20 41 
Colleges 38 57 
Authors 29 30 


Five authors were located in schools not otherwise repre- 
sented. Seven replies were not in proper form for 
tabulation. This distribution is thought to be suf- 
ficiently general and the number of individuals reply- 
ing and institutions reached sufficiently large so that 
the results are a fair representation of the opinions of 
the teaching profession. In some institutions the 
questionnaires were answered as a unit following a 
consultation of faculty members. In others the 
teachers as individuals filled in the answers. On each 
statement they were asked to indicate their opinions 
as follows: 


xxx most important or an essential aim 
xx important, a desirable aim if possible to attain 


* Presented at the Twelfth Midwest Regional Meeting of the 
American Chemical Society, May 4, 1934. 

t This report is presented by the Committee on Examinations 
and Tests: Earl R. Glenn, S. R. Powers, Rufus D. Reed, Burt 
P. Richardson, Frank Wade, and O. M. Smith, Chairman. 

1 Objectives of chemistry taken from ‘‘Course of study in 
chemistry for the senior high school,” by Pauline McDowell, 
Mary L. Allen, Charles E. Dull, Walter J. Dumm, Wayne 
Hemphill, Annie P. Hughes, J. Edwin Sinclair, Otto J. Walrath, 
R. B. Whitmoyer, William Foster, and Samuel R. Powers; from 
‘Teaching of first-year chemistry,’ by J. O. Frank; and obtained 
by personal communication with R. W. Tyler, William McPher- 
son, and others. 


x incidental, not necessary 
o incorrect, not an aim under any condition 


In arranging and phrasing the proposed objectives, 
an attempt was made to classify them, where possible, 
under the seven cardinal principles of secondary edu- 
cation.” Sections I and II deal with strictly profes- 
sional knowledge, cultural ideas predominating in the 
former. Section III is essentially a paraphrase of 
the preceding sections. Section V deals with “‘health” 
and ‘‘worthy home membership’; Section VI, ‘“‘voca- 
tion”; Section VII, “‘worthy use of leisure time’; and 
Section IV, unrelated to the cardinal principles, takes 
up the trait of curiosity and the urges to manipulate 
and explore. 

With the exception of a knowledge of natural laws 
and important principles, the questionnaire implies 
nothing as to the subject-matter content of the course. 
It was felt that the desirable content of general chem- 
istry was sufficiently covered by the Committee on the 
Correlation of High School and College Chemistry* in 
their list of topics for a minimum high-school course in 
chemistry. The attention of the committee was di- 
rected toward other objectives, in reality more impor- 
tant. It was thought that it is not primarily the 
mastery of specific subject matter but the ability to 
meet situations and to solve them that constitutes the 
more valuable training the student receives. 

The reliability of these results depends upon, first, 
the thoroughness of the sampling, and, second, the 
qualification of the individual making the reply. With- 
out a doubt, those who come in contact with the greater 
number of students, either through the written text 
or through large classes, exert the wider influence, but 
not necessarily the most nearly correct one. The au- 
thors who write the texts, who determine what the 
student shall read, the manner and order in which the 
subject matter is presented and the theory developed; 
those who study the students’ reactions and the pro- 
fessional adoptions, should be in position to say with 
some authority what the aims are in the teaching of — 
chemistry. The weighting of the individual replies 
has caused much concern, and as yet no means of mak- 

2“Cardinal principles of secondary education,’ Bulletin 
No. 35, 1918, Department of the Interior, Bureau of Education. 


’“Correlation of high-school and college chemistry,’ J. 
Cuem. Epuc., 1, 87-99 (May, 1924). 
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ing such an evaluation seems sufficiently good to be in- of the authors, the teachers in the large institutions and 
corporated in this survey. those in the small colleges, the replies are tabulated 
To bring forth any difference between the opinions under the five headings. The results are compiled in 


PROPOSED OBJECTIVES IN THE TEACHING OF GENERAL COLLEGE CHEMISTRY 


Essential and Desirable Aims Essential Aims 


All Replies 

Land Grant Colleges 
Universities 

All Replies 

Land Grant Colleges 
Universities 


to 
°o 


Number of Institutions 
Number of Replies 
‘ 


RES 
Sh 


To provide pupils with a broad and genuine appreciation and 
understanding 
(a) of the world in which they live 
(b) of what the developments of chemistry mean in modern social 
life 
(c) in industry 
in national life 
of the work of recognized experts or scientists 
of the actual or possible economic significance of new chemical 
discoveries 
new material of commerce 
new knowledge 
of the cost of the acquisition of new knowledge in money 
in labor 
in human lives 
To provide opportunity for the acquisition of knowledge alone 
. (a) of natural laws 
(b) of the significance of cause and effect 
(c) of important facts 
(d) in the ability to draw generalizations from specific experi- 
mental data 
(e) in the ability to test a proposal by hypothesis by planning 
experiments that might be used 
(f) in the ability to locate chemical information in a library 
. (a) To provide an opportunity to acquire skill in the manipula- 
tion of laboratory equipment 
To provide an opportunity for training 
(a) in the scientific method of thinking (assuming that this is 
being done) through the study of chemical problems 
(b) (in your opinion, is this being done?) Yes 
(c) In the explaining of natural phenomena to the end that 
science and reality may function in place of superstition 
and uncertainty 
(d) in the ability to apply important principles of chemistry 
(e) to provide an opportunity to acquire (essentials to the study 
of science): 
specific ideals 
habits of thought and action 
desire for achievement 
initiative 
persistency 
open-mindedness 
(7) honesty 


a 
i) 


et et 
oat e 


— 
Ndowanwo 


To provide an opportunity for the pupil to satisfy his natural 

curiosity 

(a) in the things and forces of nature 

(b) to gain information which is interesting purely for its own 
sake 

(c) to indulge in the manipulation of chemical material in order 
that he may explore, as he desires, the world of reality 


37 


To provide opportunity 

(a) for gaining chemical knowledge which will contribute to 
individual health 

(b) for the pupil to become acquainted with some of the appli- 
cations of chemistry to home and community life, to com- 
merce, trades, and the professions in connection with pure 
foods, elimination and utilization of wastes, public utilities, 
health regulations, etc., with the object of good citizenship 


To provide an opportunity for the pupil to determine his interests 
in chemistry and in the opportunities in this field (to the end 
that the pupil may come to a decision as to whether chem- 
istry offers him a field for vocational activity) 


. To provide interests which may function in ‘ 


(a) more worthy use of leisure time 
(b) in ability to read more intelligently and with greater interest 
articles pertaining to chemistry and scientific books 





182 


terms of percentages and under the heading of essen- 
tial and essential and desirable aims. Just what 
percentage approval constitutes sufficient evidence to 
justify setting up a given aim as an objective for all 
teachers? Certainly a bare majority does not. Does 
two-thirds, eighty-five per cent., or just what value? 

As a basis for discussion, when seventy-five per cent. 
of the replies are in agreement the objective is taken 
as generally accepted, and when sixty-six per cent. 
agree then there is a sufficient majority to say that the 
objective is accepted by most teachers. A percentage 
of fifty-five to sixty indicates only possible acceptance; 
conversely, a return of less than thirty-three per cent. 
indicates rejection of the objective. A variation of 
+ per cent. was allowed in each instance. 

The essential aims that may be considered as gener- 
ally accepted are: to provide pupils with a broad and 
genuine appreciation and understanding of the chemi- 
cal aspects of the world in which they live and to give 
them an opportunity for training in the scientific 
method of thinking, through the study of chemical 
problems. An essential aim is a desirable one, hence 
the percentage figures in the first column, “Essential 
and Desirable Aims,’ are the sum of the two. Consider- 
ing a return of sixty-six per cent. to indicate that the 
proposed objective is generally accepted as such, the 
opinions to be drawn may be summarized in the follow- 
ing form. 


I. Astudy of chemistry should provide the individual 
with a broad and genuine appreciation and under- 
standing of the chemical aspects of the universe; 
of the place of chemistry among the sciences; and 
of what the developments in chemistry mean in 
modern social and industrial life (good citizen- 
ship). 


A study of chemistry should provide an opportu- 
nity for the acquisition: of experiences in the use 
and the knowledge of the scientific method of 
thinking, using chemical problems; of a knowledge 
of natural laws, important principles and facts; of 
the ability to draw generalizations from specific 
experimental data and to apply important prin- 
ciples; and of some skill in laboratory manipu- 
lation. 


. A study of chemistry should provide an oppor- 
tunity for the individual to determine his interests 
and aptitudes in chemistry as a vocation. 


These are the bare findings of the questionnaire. 
Many wrote their impressions and opinions, and these 
are worthy of consideration in this discussion. As de- 
sirable aims the acquisition of a knowledge of the 
natural laws and the ability to draw generalizations 
are both favored to the extent of eighty per cent. The 
criticism of the latter is that it cannot be done, is too 
advanced and difficult, and too much to expect in the 
beginning course. ‘‘Children generalize, why wait 
until we become research workers? Is this not a fault 
in our method? Chemistry has much material that 
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is eminently suitable.’ From the small number of 
favorabie replies on the desirability of developing some 
skill in laboratory work, it seems that the emphasis 
and the large proportion of time given to the labora- 
tory, if for this purpose, is misdirected effort. Some 
replied that this is an aim in the follow-up course in 
chemistry. This seems to indicate that a growing 
majority of teachers are favoring a non-laboratory be- 
ginning college course. 

Some of the favorable comments on training in the 
scientific method of thinking, Section III, are: “I 
believe I am doing it with some success,’ ‘‘Yes, so 
far as possible depending on the innate mental ca- 
pacity,” and ‘‘by all the better students,”’ “accomplished 
to an extent,” “if intelligently taught.” Another 
would change the textbooks for he says, ‘‘It is not ac- 
complished, if the present textbooks are followed.” 
Others ascribe the students’ failure to the “poor back- 
ground” or their unwillingness ‘‘to embrace it.” 

On the contrary, only forty-two per cent. believe 
that there is any success in training in the scientific 
method, and these vary from thirty-one per cent. of the 
authors to forty-nine per cent. of the college teachers. 
‘Scientific method of thinking,’ says M. R. Chauncey, 
“is nothing but careful systematic thinking where all 
the relevant facts are considered and all conclusions 
are verified. Arithmetic and grammar when correctly 
taught yield the same values in so far as method is con- 
cerned. Of course, if one is to think on problems in- 
volving chemical principles he must use the data of 
chemistry.’’ Are we deceiving ourselves into believing 
that we are actually teaching this method? If it is 
not the scientific method that we drill and hammer up- 
on, then, what is it that we do teach? On the other 
hand, is an aim that is believed to be desired by all, 
yet seems to be attainable by only a few of the more 
enlightened students, a valid objective for general 
chemistry? 

All items under Section III (e) with the probable ex- 
ception of (6), open-mindedness, are in reality traits and 
incidental ideals in any education. Though necessary 
and required of all who achieve, they are not in any 
manner specific objectives in the teaching of the science 
of chemistry. If these traits and ideals are really the 
desired objectives, then our method of teaching and 
the syllabi of the courses certainly need revising. 

The comments on “satisfying of his natural curiosity”’ 
(Section IV) are certainly enlightening. Jacob Cornog 
and C. L. Von Ende wonder if the student has any curi- 
osity, while H. B. Hass thinks that he originally had 
some but wonders if he has any remaining at this stage 
of his career. E. C. Scott says, instead of satisfying, 
“better yet, to arouse the student’s curiosity.’’ The 
many remarks about that of allowing the student to 
explore as he desires in the world of reality, are cli- 
maxed by F. E. Brown, who affirms that ‘‘this [method ] 
leads rapidly to eternity.” 

The wide differences in the opinions expressed on 
Section VI on vocations is explainable in that general 
college training is not intended to be professional, while 
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in the case of the universities and land grant institutions 
the student is supposed to have some idea of his future 
vocation on entering. Thus, general chemistry should 
be taught as a “‘finding’’ course, and the authors should 
consider this end in their writings. 

This questionnaire is quite behind the times, there 
being no N. I. R. A. in existence at the time it was cir- 
culated, and the worthy use of leisure time had not the 
social and economic significance it may have today. 
Certainly this was not an aim if these percentages now 
hold true. But stimulating the desire to read litera- 
ture pertaining to chemistry and scientific work un- 
doubtedly is an objective and will follow as a logical 
result when interest is aroused. 

Herbert W. Alyea feels that the pupil should know 
that a group of scientific facts may often be correctly 
interpreted by more than one theory; and that fur- 
ther facts must be gathered in order to decide the cor- 
rect one of two theories, that man’s knowledge of 
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nature is meager, and that this knowledge is extended 
by research. 

Others affirm that the objectives of the teachers in a 
liberal arts college should differ from those in a tech- 
nological school. Likewise, they should not he the 
same in general chemistry taught to the students in 
agriculture, home economics, liberal arts, etc. ‘This 
was particularly emphasized by many teachers in the 
land grant institutions. Many replies stated for which 
of the above groups the opinions were given. The 
composite results show but few significant differences 
between these two groups. However, the fact is that 
no information is given to show for which group the re- 
plies are made. 

In conclusion the writer wishes to express his ap- 
preciation to the many who have aided the committee 
in this work by their answers and criticisms, and par- 
ticularly to Dr. R. W. Tyler for his valuable guidance 
The committee welcomes criticisms and suggestions. 





METHOD for the DETERMINATION 
of the INDICES of REFRACTION 
of LIQUIDS 


JOHN L. SHELDON 


Battle Creek College, Battle Creek, Michigan 


A simple, inexpensive device for the determination of 
the refractive indices of liquids 1s described. This con- 
sists of a hollow plano-convex lens, formed by a plano focus, 
meniscus spectacle lens and a cover glass. A_ short 
method for the use of the device 1s outlined. Results 
showing the degree of accuracy attainable are presented. 


++ eee + 


N A RECENT number of the Review of Scientific 
Instruments Gladden! has described a simple, 
inexpensive method for the determination of in- 

dices of refraction of liquids by students. Briefly, the 
method consists of placing the liquid in an ordinary 
watch glass, which gives the liquid the form of a plano- 
convex lens. The glass, containing the liquid, is held 
by a lens holder attached to a vertically supported two- 
meter optical bench. The trademark on a Mazda bulb 
is then focused on a screen and the object and image 
distances, a and b, are measured. The radius of curva- 
ture, R, is measured with a spherometer and the index 
of refraction, n, is calculated by the equation: 

1GLADDEN, S. C., ‘‘A simple method of determining the re- 


i index of liquids,” Rev. of Sci. Instruments, 4, 231 (April, 
1933). 


(1) 


It is pointed out by Gladden that when a liquid of low 
viscosity, such as water, is employed vibrations inci- 
dental to focusing make it difficult to obtain an exact 
focus. In the case of water, errors of as much as one 
centimeter in the determination of the image distance 
may result. 

In making some preliminary trials by this method the 
author of the present article measured the radii of curva- 
ture of several dozen watch glasses and found the 
curvatures of all varied considerably from place to 
place. Two of the best were selected for trial. It was 
found that the non-uniformity of curvature resulted in 
very poor image formation, even in the absence of 
vibration. Also, it was found that unless a diaphragm 
were used the irregularity of the edges of the liquid 
surface resulted in further degradation of the image. 
Using a two-meter optical bench vertically was also 
somewhat objectionable. 

While attempting to improve upon the method an- 
other device was evolved which is inexpensive, costing 
about one dollar to make, and which has practically 
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none of the objectionable features of the above-de- 
scribed method. It consists of two parts, a thin, plano 
focus, meniscus lens and a cover slip, as shown in 
Figure 1. 


FIGURE 1 


The lens was ground by a local optical shop. The 
curvatures of the two sides are equal, but opposite in 
sign, being 7 diopters. It has a diameter of 50 mm., 
although a smaller diameter would probably do as well. 
It also has a flat-rim, which, as will be seen in Figure 
3, makes contact with the cover glass. The rim was 
ground as follows. A small amount of fine valve- 
grinding compound was thinly spread on a piece of old 
plate glass. After cleaning the hands the lens was 
placed on the glass, concave side down, and then 
moved about in all directions, with simultaneous appli- 
cation of very light pressure. Care was taken not to 
scratch the lens. This was continued until a rim about 
1.5-2 mm. in width was formed. 





FIGURE 2 


The cover glass, which is 5-6 mm. wider than the 
lens, was cut from a piece of selected lantern slide 
cover glass with a sharp glass cutter and the edges were 
smoothed with a fine abrasive stone. 

When the two parts are placed together a hollow, 
plano-convex lens is formed. To fill the lens the two 
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parts are held in one hand, as shown in Figure 2. 

The lens is held tightly to the under side of the 
cover glass with the fingers, the lens projecting slightly 
beyond the edge of the cover. Liquids may be intro- 
duced by means of a small pipet or by pouring directly 
from the bottle. The open part is elevated slightly so 
that bubbles may escape. By careful pouring slightly 
more than enough liquid to fill the lens will be held in 
place by surface tension. With one movement of the 
fingers the cover is slid over the open part, the lens then 
being completely filled and free from air bubbles. The 
lens, still on the lower side, is then centered more 
carefully with both hands and the excess liquid is wiped 
off with a lintless rag. The two parts will then hold 
tightly together, the same as two pieces of glass with 
liquid between, and may be placed in the lens holder of 
an optical bench, as shown in Figure 3. 

The lens was 
always used on 
the same side of 
the cover, that 
side being identi- 
fied by a beveled 
top edge. Also, 
by means of a 
small scratch on 
the outside edge 
of the lens and a 
similar one in the 
middle of the up- 
per edge of the 
cover, it was pos- 
sible always to 
place the lens in 
the same position 
on the cover. 

Volatile liquids, 
such as carbon 
disulfide and 
ether, leak slowly, 
forming a small air bubble at the top of the lens. 
In an attempt to stop this, one side of the cover 
glass was polished by an optician on a plano lap to re- 
move any slight irregularities. This did not seem to 
make any great difference., It is believed that careful 
selection of the piece of glass for the cover and the 
grinding of the rim on the lens with fine compound will 
result in a minimum of leakage. In any event the 
bubble that slowly forms at the top does not interfere 
with the use of the lens. The two liquids mentioned 
and ethyl acetate were the only ones of those investi- 
gated which leaked. 

The optical bench, which was one meter in length, 
had three slides, one for an object screen, one for the 
lens holder, and one for an image screen. The object 
screen was illuminated from behind by a sodium flame 
(a small piece of fused sodium chloride on the screen of a 
Meker burner). When the object and image screens 
and the lens in the holder were once aligned they were 
not disturbed again, the only further adjustments con- 








FIGURE 3 
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sisting of removal and replacement of the lens and ad- 
justment of the positions of the object and image slides 
on the bench. 

Adjustments were made so that the front of the con- 
vex surface, which faced the image screen, should be 
directly over the middle (50 cm. mark) of the optical 
bench in order that measurements of object and 
image distances could be made from that surface.? 

The usual procedure for measuring the focal length 
of a thin lens* is to place the object at various points 
along the optical bench, focus the image sharply, and 
measure the corresponding object and image distances, a 
and b. Several sets of values are obtained and the 
values for F, calculated by means of Equation (1), are 
averaged. 

In order that the measurements of the focal lengths of 
the various liquid lenses might be made under similar 
conditions, the object was placed in each case so that a 
was approximately equal to 6. Several settings of the 
object were made, but in each case a did not differ from 
b by more than approximately 2 cm. 

Table 1 shows the complete data for one liquid. 


TABLE 1 


BENZENE—25°C, 
Deviation in pts./1000 of the values of 
b which were averaged to give the value 
shown 


No. of Readings 
Averaged a b F 

6 30.00 

4 31.00 

6 31.20 
3 


Max. Dev. Mean Dev. 


32.49 
31.36 
31.20 
30.47 


15.60 
15.59 
15.60 


32.00 15.61 


While quite accurate results were obtained, yet 
considerable time was required when several settings 
of the object distance were made. Therefore, a short 
method was worked out, which also involves a mini- 
mum of calculation. 

When either the object or image distance, a or 8, is 
plotted against the total distance from object to image, 
a + b, a curve like that in Figure 4 is obtained. It 
will be seen that the curve passes through a minimum 
and it can be shown that this minimum occurs when 
a=b. Nowwhena = 8, 
a+b 

4 


2 


2a (2) 


Therefore, when a = 0b the focal length is obtained by 
dividing the total object-image distance by 4. Further 
inspection of the curve shows it to be quite flat at the 
minimum and that a can differ from b by as much as one 
centimeter and the focal length, as determined by divid- 
ing a + b by 4, will be practically the same as when a is 
equal to d. 

This method was used for determining the indices of 
refraction of a number of liquids. By trial and error 
the ehject and image distances were adjusted until 
approximateiy equal. It did not require more than 
one or two minutes to get them within 1-2 mm. of 


2 Minor, R. S., ‘‘Physical measurements,” published by the 
author, Berkeley, California, 1925, Parts III and IV, p. 91. 
3 Minor, R. S., loc. cit., p. 93. 
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being equal. Then the image distance was determined 
carefully six times and these values were averaged. 


TABLE 2 


BENZENE—ROOM TEMPERATURE 25°C. 
a b 
31.20 31.20 
31.17 
31.17 
31.25 
31.25 
31.17 


Average 31.20 


It was believed that less error would be introduced in 
determining the index of refraction if the radius of 
curvature were determined indirectly rather than by 
direct measurement. Accordingly, distilled water was 
used as a reference liquid, the focal length of the lens 
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containing water being determined accurately and the 
radius of curvature calculated trom the known index 
of refraction of water at the room temperature by use of 
equation (3). 


(3) 


The focal length of the lens containing water was 
measured more than once, at different times and on 
different days. These values are given in Table 3. 


TABLE 3 
Room Temperature Focal Length 
25°C. 23.17 
23 23.14 
25 23.15 
25 23.20 
25 23.18 


Knowing the radius of curvature, the index of refrac- 
tion of another liquid is calculated by use of equation (4). 
R 4R 


n=z=—-—-l= 


F ato 


The indices of refraction of the first eleven liquids in 
Table 4 were determined in 90 minutes. The entire 
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seventeen liquids required only two hours, during which 
time water was run three times as a check, at the 
beginning and end and once in between. 


TABLE 4 


INDICES OF REFRACTION AT 23°C., Soprum LIGHT 


n n 
(Experimental) Landolt-Bornstein* 
. 385 1.384 
.376 . 376 
. 398 .398 
.420 422 
.458 .458 
620 626 
494 .494 
543 545 
585 .584 
553 
. 536 
.494 
327 


Liquid 
n-Propyl alcohol 
iso-Propyl] alcohol 
n-Butyl alcohol 
Ethyl bromide 
Carbon tetrachloride 
Carbon disulfide 
Toluene 
Benzaldehyde 
Aniline 
Nitrobenzene 
Methy] salicylate 
Benzene 
Methy! alcohol 
Acetone 
Ethyl acetate 
Ether 
Acetic acid 


ll 


el el ool el el el oe 


* LANDOLT-BoRNSTEIN, ‘“‘Physikalisch-chemische Tabellen,”’ 
1923, Vol. II, pp. 968-82. Tabulated values were recalculated to 
23°C. by means of the values given for du/dt on pp. 983-4. 
In the few instances in which these values are not given average 
values for compounds of the same type were used. 
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The maximum error (carbon disulfide) was 3.7 parts/- 
1000. The average error for the 17 liquids was 1 part/- 
1000. 

It will be seen from Tables 3 and 4 that while this 
short method is simple, yet it gives results that are 
fairly consistent and accurate. The lack of exact 
temperature control is of course a weak point, but 
probably does not introduce errors greater than those 
already inherent in the technic. 

The method should find application in the student 
physical chemistry laboratory where a refractometer is 
not available. The lens is cheap and an occasional 
breakage is not serious. Experimentally determined 
molar and atomic indices of refraction compare very 
well with accepted values and a sufficient number of 
liquids may be run in the usual laboratory period. 
In the organic laboratory the indices of refraction of 
liquids may be determined for the purpose of partial 
identification. 

In the student physics laboratory indices of refraction 
of liquids may be determined in connection with other 
experiments using the optical bench. 





DIVISION OF CHEMICAL EDUCATION—NEW YORK PROGRAM 


THE PROGRAM for the Division of Chemical Educa- 
tion at the New York meeting of the American Chemi- 
cal Society will occupy four half-day sessions, on 
Thursday and Friday, April 25th and 26th. The 
central feature of the program will be a symposium 
on ‘‘The Lecture Demonstration Method versus Indi- 
vidual Laboratory Work.” Several of the most im- 
portant contributors to the literature on this debated 
issue will take part in the symposium. There will be a 


number of formal papers and a considerable time for 
informal discussion. At least one session will be de- 
voted to general papers. 

Attention of members is called to one important 
question on the agenda of the business meeting, 
namely, the continuance or dissolution of the Senate 
of Chemical Education, which has been inactive for 


several years. 
Norris W. RAKESTRAW, Secretary 





PETROLEUM PRODUCTS 


A BOOKLET entitled, ‘‘Petroleum Products,” pre- 
senting a list of commonly used oil products, a simpli- 
fied refinery ‘‘flow chart” showing how they are made, 
and a map of the oil-producing areas of the United 
States, has been prepared by the American Petroleum 
Institute. 

Two editions are available, the larger being printed 
in two colors on heavy paper suitable for framing. 
The smaller is intended for hand use. 

The “flow chart,’’ one of the simplest pictorial 


presentations of complicated refining processes yet 
made, traces the flow of crude oil from the bottom of 
the well through all phases of refining. All major 
steps are shown in the manufacture of motor fuel, 
kerosene, fuel oils, lubricating oils, gas oil, and asphalt. 
Included is the ‘‘cracking”’ process. 

A copy of the larger edition, suitable for framing, 
will be sent gratis to teachers of classes interested 
in industrial subjects, and limited quantities of the 
smaller edition also will be made available. 





The recollections of an already long life have permitted me to become acquainted with a great variety of personages. 
And if I call on memory to picture to me how the type of true happiness is realised on earth I do not see it under the 
form of the powerful man clothed in high authority, nor under that of the rich man to whom the splendours of luxury 
and the delicacies of well-being are granted, but under that of the man of science, who consecrates his life to penetrating 
the secrets of Nature and to the discovery of new truths.—J. B. A. Dumas 





The PROBLEM CONTENT of 
TWELVE HIGH-SCHOOL 
CHEMISTRY TEXTBOOKS 


RALPH E. DUNBAR anv HELEN JO BETTS 


Dakota Wesleyan University, Mitchell, South Dakota 


HE general plan of this study is modeled some- 

what after a previous study by Rendahl (1) in 

which three high-school chemistry textbooks 
were analyzed to determine the type of mathematics 
used in solving problems, no tabulation being made of 
the space devoted to these problems or the types of 
problems included. It is also modeled somewhat after 
a study by Boles and Webb (2) in which the kind and 
treatment of mathematics in high-school and college 
inorganic chemistry textbooks were investigated, no 
record being made of the number of problems, the 
space devoted to problems, or the types of problems 
involved. A tabulation and study were made of twelve 
high-school chemistry textbooks to determine: 


(1) The number of problems contained in the twelve 
texts. 

(2) The amount of space devoted to these problems 
in the textbooks. 

(3) The types of problems contained in these text- 
books. 

(4) The kind of mathematics needed for solving 
these problems. 


A page-by-page analysis was made of the following 
textbooks: 


Back, N. HENRY AND CONANT, JAMES B., ‘‘Practical 
chemistry,’’ The Macmillan Co., New York, 1923. 

BLANCHARD, ARTHUR A. AND WADE, FRANK B., 
“Foundations of chemistry,’’ American Book Co., 
New York, 1914. 

BRADBURY, ROBERT H., “‘A first book in chemistry,” 
D. Appleton & Co., New York, 1928. 

BROWNLEE, RAYMOND B., FULLER, ROBERT H., 
HANCOCK, WILLIAM J., SOHON, MICHAEL D., 
AND WHitsIT, JESSE E., ‘‘First principles of chem- 
istry,’ Allyn & Bacon, New York, 1931. 

DinsMorE, ERNEST L., “‘Chemistry for secondary 
schools,’’ The Laurel Book Co., New York, 1925. 

DuLL, CHARLES E., “Modern chemistry,” Henry 
Holt & Co., New York, 1931. 

Gorpon, NEIL E., ‘Introductory chemistry,’ World 
Book Co., New York, 1930. 

Gray, CARL W., SANDIFUR, CLAUDE W., AND 
Hanna, Howarp J., ‘Fundamentals of chemis- 
try,’’ Houghton Mifflin Co., New York, 1929. 

HESSLER, JOHN C., “The first year of themistry,”’ 
Benj. H. Sanborn & Co., New York, 1931. 


HotmMEs, Harry N. AND MATTERN, LOUIS W., 
“Elements of chemistry,’’ The Macmillan Co., New 
York, 1928. 

IRWIN, FREDERICK C., RIVETT, ByRON J., AND 
TATLOcCK, ORRETT, “Beginning chemistry and 
its uses,’’ Row Peterson & Co., Evanston, Illinois, 
1927. 

McPHERSON, WILLIAM AND HENDERSON, WILLIAM 
E., ‘““Chemistry and its uses,” Ginn & Co., New 
York, 1927. 

An analysis was made of all problems in these 
twelve high-school texts, including those problems at 
the ends of the several chapters, those within the 
chapters, and those in appendices. A tabulation was 
made of the number of lines of space occupied by each 
of the problems. From these data the space allotment 
was determined. Then each problem was analyzed as 
to type, e. g., reacting weight, gas law, density, etc., 
and also as to the operations involved in solving each 
problem, such as proportion, addition, etc. When a 
problem contained two parts, each of a different funda- 
mental type, each was recorded as one-half unit for 
purposes of tabulation. In a few cases some problems 
had three parts, each of a different type, and each part 
similarly was recorded as one-third unit. In arriving 
at a conclusion for the logical method to use in solving 
each problem, an attempt was made to solve each 
in the simplest and most direct way, and by the method 
the student would be most likely to employ. In the 
solution of problems requiring several operations, each 
operation was recorded as a fraction of the whole. 
By using this method, each numbered problem was 
counted as one problem only. Also, when a problem 
was principally of one type and involved essentially one 
operation, only that one type and that one operation 
were recorded. From these data the findings have 
been tabulated in Table 1. 

An examination of the data in Table 1 shows that 
the number of problems varies from 33 to 181, the 
average being 107 and the median 90 problems. This 
would indicate that two-thirds of the books do not con- 
tain even the average number of problems of the twelve. 
The variation in space is from 0.34 per cent. to 3.06 per 
cent., the average being 1.33 per cent. and the median 
1.27 per cent. This again shows that two-thirds of the 
books do not devote even the average percentage of 
space to problems. 
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Tabulations were made also of the total number of 
problems of each type in each textbook and of the 
percentages of the total number in each book belonging 
to each type. The results are tabulated in Table 2. 

In all, 1282 problems were studied. The total 
number of problems of each type and the percentage 
of the total of each were computed. The information 
is presented in Table 3. 

From these figures, it can be seen that problems in- 
volving reacting weights, weight and density calcula- 
tions, gas laws, and composition make up over 90% of 
the total number of problems. These types of prob- 
lems seem to be particularly emphasized in present high- 
school chemistry textbooks. 

Finally, the methods to be used in solving the prob- 
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TABLE 1 


NUMBER AND SPACE ALLOTMENT TO PROBLEMS 





Number Lines 
of of Lines 
Prob- Prob- per 


Text lems lems Page 


Pages 
Prob- 


lems 


Total 
Pages 
in 
Book 





Black and Conant 97 276 38 
Blanchard and Wade 72 210 38 
Bradbury 174 445 34 
152* 40.25 
Brownlee, et al. 
290t 32 
Dinsmore 195 
Dull 475 
Gordon 93 
Gray, et al. 316.5 
Hessler 267 
Holmes and Mattern 102 
Irwin, ef al. 248 
McPherson and Henderson 162 503 


7.26 
5.53 
13.07 


* 7.09 


4.88 
12.50 
2.09 
7.72 
7.03 
2.76 
6.70 
13.60 


457 
424 
664 


777 


745 
615 
613 
544 
502 
588 





* Large type. 
t Small type. 


TABLE 2 


NUMBER AND PERCENTAGE OF EACH TYPE OF PROBLEM 





Reacting Weight and Gas Com- 
Text Weighis Density Volumes position Formulas Solutions Units Conversion Calorie 


Concen- Tempera- 
trationof Metric ture 


Structure 


Cost 





47.5 17.0 19.0 

Black and Conant 0% ‘5% —o 

Blanchard and Wade 6% ‘7% 30.5% 
0 .0 5 

Bradbury 7% 9% 2% 
ae .83 .0 

Brownlee, ef al. 3.2% 6% 38% 
5 5 0 


Dinsmore ‘8% 8% 2% 
5 0 5 


Dull ‘8% ‘5% 2% 
5 0 0 


Gordon ‘8% 12% 2% 
0 5 5 


Gray, et al. 6% 7% 6% 
6 5 .0 
Hessler 6% 5% 9% 
Holmes and Mattern 7% *~ 4 
Irwin, ef al ps ~ 
’ : .6% 9% 


.33 .67 
McPherson and Henderson 9% 3% 


4.0 
4.1% 
1.0 
1.4% 


x 


x 


~ 

Sak Sowos 

aanoororso 
x 


x 





lems were studied, and the results tabulated. These 
data are contained in Table 4. 

An analysis of Table 4 shows that a total of 773'/¢ 
problems or 60.3 per cent. of the total number of prob- 
lems can be solved by proportion, 1731/3 or 13.5 per 
cent. by multiplication, 219'/, or 17.1 per cent. by 
division, 85'/; or 6.7 per cent. by addition, and 31 or 
2.4 per cent. by subtraction. 


TABLE 3 


RELATIVE FREQUENCY OF TYPES OF PROBLEMS IN THE TWELVE HIGH-SCHOOL 
CHEMISTRY TEXTS 





Total Number Percentage of Total 





Reacting Weis iat 581. 45. 
Weight and Density 276. 
Gas Volumes 182. 
Composition 

Formulas 

Metric Units 

Temperature Conversion 
Calorie 

Electronic Theories or Structure 
Concentration of Solution 

Cost 


to 
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— 
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TABLE 4 


NUMBER AND PERCENTAGE OF PROBLEMS TO Bg SOLVED BY FUNDAMENTAL 


METHODS 





Pro- Multi- 
portion plication 


Divi- Addi- 
sion tion 


Sub- 
traction 





Black and Conant roger te 4 


Blanchard and Wade ‘ : x 


i .30 
Bradbury : 1% 


Brownlee, et al. : 3% 
Dinsmore 24 
Dull 

Gordon 

Gray, et al. 

Hessler 

Holmes and Mattern 

Irwin, et al. 


McPherson and Henderson 


8.08 
6% 
.00 
3% 
As 
9% 
-50 
.2% 
.58 
0% 
wer 
1% 
«Af 
8% 
.92 
4% 
.58 
5% 
ee 
.0% 
Re. 
0% 
42 
5% 4 


bh 


NAAN WDNR RDN MOOAWHOR OH Pe 


— 


25 
4% 
00 


4% 
00 
7% 
75 
1% 
58 
0% 
17 
2% 
67 
1% 
25 
4% 
42 
8% 
67 
8% 
00 
3% 
58 


7% 


1.00 


i. 


_ 


. NOOCNKNNOOWH RN WHO he bo 


1% 


00 
1% 


2% 
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CONCLUSIONS 


The results of this study indicate that: 

1. There is a wide variation in the number of 
problems contained in these twelve representative high- 
school chemistry textbooks. 

2. There is a wide variation in the percentage of 
space devoted to problems in these high-school chemis- 
try textbooks. 

3. About two-thirds of the books studied contained 
less than the average number of problems and have 
less than the average percentage of space devoted to 
problems. 

4. The types of problems most frequently found in 
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high-school chemistry textbooks are those dealing with 
reacting weights, weight and density calculations, 
composition, and gas volumes. 

5. Proportion is used more often than any other 
form of mathematics in solving high-school chemistry 
problems. Division and multiplication are used in 
about 30 per cent. of the operations, while the direct and 
exclusive use of subtraction and addition is almost 
negligible. 

LITERATURE CITED 
(1) RENDAHL, J. S., “The mathematics used in solving problems 
“a chemistry,” Sch. Sct. Math., 30, 683-9 


(2) BoLes AND WEBB, ‘‘The mathematics of general inorganic 
chemistry,’’ Sct. Educ., 14, 539-46 (1930). 





BALANCING EQUATIONS by the 
VALENCE-CHANGE METHOD 


C. W. BENNETT 


Western Illinois State Teachers College, Macomb, Illinois 


Various methods of balancing oxidation-reduction 
equations are discussed. Reasons for preferring the 
valence-change method for beginners are given, followed 
by complete details for this method which apparently have 
not previously appeared in the literature. 

A discussion of the translation of change of valence into 
shift of electrons points out the anomalous results of the 
former method and shows how these are avoided by the ion- 
electron method. The latter is held to be too difficult for 
beginners and at best somewhat slow, but to have excellent 
teaching qualities and to be valuable for use with advanced 
students. 

~+ + + + + 


VERY chemistry instructor doubtless has his 


favorite method of balancing equations. This 

has been demonstrated by the extensive corre- 
spondence on this subject during the past few years in 
the JOURNAL OF CHEMICAL EDUCATION (1). 

The algebraic method as given by H. G. Deming (2) 
is especially interesting and has been received here 
with considerable eagerness by the better students when 
presented to them. It is, of course, only a curiosity. 
The ion-electron method (3) is undoubtedly the most 
scientific and reveals more of the actual reaction to the 
student than any other. As Grant Wernimont (4) 
suggests, however, the ion-electron method may be too 
complicated for the average student. This is especially 
true for beginners. It is safe to say that most in- 
structors will agree that it is cumbersome and not a little 
confusing even if it does teach more chemistry than 
any other method devised. ‘ 

After trying out most of the methods suggested for 


second-year classes, where a quick sure method is 
essential, the writer is of the opinion that the valence- 
change method is the most rapid and easily understood 
of any of the methods. Certainly for beginners it is 
very successful. After drilling for some time, a test 
consisting of a set of equations which are new to the 
students results in a large number of perfect scores. 

The method as used by the writer is essentially the 
same as that given by Earl Otto (5) and by B. W. Peet 
(6), who says it was originated by O. C. Johnson (7). 
The only originality claimed in the present paper is 
a clear statement of the steps which everyone who uses 
this method more or less unconsciously follows. In 
most directions for balancing equations the bare outline 
is given and the student is told to complete the equation 
by inspection. 

The balancing of equations is taught after the con- 
cept of valence, but a short review is given, including 
the following rules: 


1. The sum of the valences of all the atoms in a 
compound is zero. 

2. The valence of H is always taken as +1. 

3. The valence of O is always taken as —2. 
follows from 1 and 2.) 

4. The valence of a free element equals zero. 

5. There are some exceptions, notably ‘many or- 
ganic compounds and the peroxides. (However, if in 
H2O2, H is taken as +1 and consequently O as —1, the 
correct equation for KMnQ, and HO; results.) 

6. Bearing the above rules in mind, one can cal- 
culate the valence of any one element in a compound if 
he knows the valence of all the other elements simply by 


(This 
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finding the value it must have in order that the sum 
of the valences may add to zero. (This may be done by 
simple inspection, usually, or algebraically. The 
writer has had excellent success with this algebraic 
method when students could understand no other way.) 
There are many elements or radicals which may be 
used as a reference since they have only one valence 
excepting that of zero in the free state. Note the 
similarity to the normal frequency curve. 


CONDENSED TABLE OF INVARIABLE VALENCES 
ne -2 -1 0 +1 +2 +3 +4 
(PO.) o (NOs) He H Ca Al Si 
(SOs) (Ac) Ne K Sr Bi 
(SOs) (NO) A Na Ba 
(OH) Kr Ag Mg 
Xe Li Zn 
Rn Rb Cd 
Cs 
In complicated equations for which this method is 
used, some element gains valence and is said to be 
oxidized while some other element loses valence and 
is said to be reduced. Since this process represents an 
actual movement of real particles called electrons, it is 
evident that no element can gain valence more or less 
in amount than some other element loses. (Oc- 
casionally more than one element may gain or lose.) 
The process of balancing such equations, therefore, 
consists in equalizing this gain and loss in valence and 
adjusting the atoms of the other elements involved so 
that the number of atoms of each element shall check 
as in an ordinary algebraic equation. 
This may be accomplished by the following steps 
(occasionally one or more may be omitted) : 


1. Write the correct formulas for the substances 
reacting and the products formed. (No way of balanc- 
ing equations gives this information, which must be 
obtained by experiment.) 

2. Calculate, if necessary, the valences of all ele- 
ments which have variable valence, using the above 
rules. 

3. Note which elements gain valence, and the 
amount; also those which lose valence and the amount, 
writing this information below the equation with a 
suitable notation. (Mn 5 means Mn loses 5 or 
goes down 5. Similarly Cl T 1 means Cl goes up 1.) 

4. Equalize this gain and loss of valence. (Find 
the number by which the amount of gain and loss 
respectively must be multiplied in order to obtain the 
lowest common multiple of this gain and loss.) 

5. Place the number so obtained before the corre- 
sponding element on both sides of the equation. (Re- 
member that Cl, contains 2 Cl.) 

6. Add to the amount of acid already used, if any, 
the amount necessary to complete all the molecules of 
salt formed. 

7. Divide the number of excess H’s by 2 to deter- 
mine the number of water molecules. 

8. Check the oxygens or other elements where 
necessary. 


After the students have these rules in their notes, 
there are, of course, points which are not clear and these 
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are clarified by a drill of about two different 50-minute 
periods when the students, following the rules from 
their notes, assist the instructor in balancing one equa- 
tion after the other. 


For example, the old favorite: 
Zn + HNO; <= Zn(NOsg)2 + NO + H,O0 


Steps 1,2,and 3. Znon the left has zero valence and 
on the right a valence of +2. N on the left has a 
valence of +5 and on the right in Zn(NO3)2 has the 
same valence because the NO; radical is still intact. 
In NO, however, N has a valence of +2. Zn has 
gained 2 and N has lost 3. 


Zn f 2 
N 13 
Step 4. The lowest common multiple of 2 and 3 is 


6. This can be obtained by multiplying the 2 by 3 and 


the 3 by 2. 
Zn | 2X3 


N!{3xX2 


Step 5. The 3 is now placed before Zn on both sides 
of the equation. Similarly the 2 is placed before N in 
HNO; and in NO but not Zn(NOs)e since N has not 
changed valence in this compound. 


Step 6. Two molecules of HNO; have already been 
used and 6 more are needed since there are six NO; 
radicals in the 3Zn(NOs3)2. 

Step 7. There are now 8 H’s on the left and none 
are used on the right until the H,O is reached. One half 
of 8 being 4, there will be 4 HO. The completed 
equation is therefore: 


3Zn + 8HNO; — 3Zn(NO;)2 + 2NO + 4H20 


Step 8. The checking of the oxygens shows 24 on 


each side. 
At the risk of being too verbose, the writer wishes to 


include that supreme test of any method: 
As2S3 oe HNO; —> HsAsO, + H.SO, a NO 
Steps 1-4. In this reaction each As gains 2, each S 
gains 8, and the N loses 3. Since the As,S; must be 
taken as a unit, there is a total gain of 28; 4 for the As 
and 3 X 8 forthe S. Therefore one must multiply the 
N by 28 and the As; by 3: 


2As t+ 2=4 
3S +8 =24 


AsoSs3 t 
N 





t. 


Step 5. 
3As2S3 ote 28HNO3 => 6H;AsO, + 9H2SO, =: 28NO 


Step 6. This step is omitted because there are no 
salts formed. 

Step 7. There are 28 H’s on the left and 18 each 
in the H;AsO, and HeSO, on the right making 36. 
Since there are 8 more H’s on the right than on the 





APRIL, 1935 


left the number of excess H’s is —8. Half of that being 
4, one must place 4 molecules of H2O on the left instead of 
on the right. 


The completed equation is then: 
4H20 + 3As,S; + 28HNO; > 6HsAsO, + 9H2SO, + 28NO 


Another method used by some is a sort of com- 
promise between the ion-electron method and the 
valence-change procedure. It involves calculating the 
valence changes as above and then translating a 
gain of valence of 5 as a loss of 5 electrons and vice versa. 
Thereafter the procedure is essentially as given for the 
valence-change method. It has, at first glance, an 
apparent advantage of being modern, due to the use of 
electrons, but it has, in the writer’s opinion, two dis- 
advantages. First, the change in sign in going from 
valence gain to loss of electrons and the reverse is con- 
fusing and the dragging in of electrons does not improve 
the method although it does perhaps teach the relation 
of change of valence to shifting of electrons. Someone 
has suggested the use of the words de-electronization 
and electronization for the terms oxidation and reduc- 
tion. These new terms may be “tongue-twisters” but 
are certainly less confusing than the older terms. That 
other anomaly, the positive current, might also be put 
out with them. 

Second, it is often hard for a student to trace the 
electron change in the reduction of the nitrate ion to 
NO. In this ion the N has a valence of +5 according 
to the change of valence method and in NO a valence of 
+2, making a loss of 3 points or a gain of 3 electrons. 
When this is shown with electronic formulas, it is 
difficult to explain how N in the nitrate ion, associated 
with six electrons can gain 3 more and still have just 
5asin NO: 


:0: 


:O:N:0: 


:N:0: 


But one may argue, if he cares to, that the six elec- 
trons do not entirely belong to the N but partly to the 
oxygen. Let us say half belong to N; this gives 3 for 
N in nitrate and 4 for N in the NO, making a gain of 
one electron instead of the three required. It is evi- 
dent that this hypothesis will lead to a philosophical 
“blind alley.” 

One may, however, assume that the electrons if 
“shared” with oxygen (or some similar element) be- 
long entirely to the oxygen, but if shared with hydrogen 
(or some similar element) belong entirely to the element 
with which hydrogen is joined. Without going into 
any details, it is sufficient to say that this is equivalent 
to the old positive and negative valence and conse- 
quently this method will explain many oxidation- 
reductions and give the right number of electrons 
shifted to agree with the gain or loss of valence. In the 
example just given accordingly N in the nitrate ion has 
no electrons since it is joined to oxygen, ‘put in NO, 
N has 3 which are not joined to oxygen. The N has 
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therefore gained 3 electrons which agrees with the shift 
of electrons predicted by the loss in valence of 3 and also 
other considerations. 

Although organic reactions are not usually con- 
sidered in discussions of this type, they really ought to 
fit into any hypothesis to be accepted. In the case 
of the oxidation of methane to carbon dioxide, carbon in 
methane is associated with 8 electrons and in CO, with 
8 electrons also: 


H 
H:C:H 
H 


This represents no change in number at all. Yet the 
valence of carbon has gone from —4 in methane to +4 
in COs, a gain of eight in valence or a loss of 8 electrons, 
which is experimentally true. If one cares to assume 
as above that the electrons belong to the carbon in 
methane and to the oxygen in COs, the shift is beauti- 
fully explained. 

This is just another example of how a certain hy- 
pothesis may explain a great many of the necessary 
facts and still fail to explain all of them, and so must 
be rejected. Our troublesome fact here is that the ex- 
periments of physical chemists have shown the electrons 
to be shared and we have no right to assign some of 
them to oxygen and some of them to carbon unless 
the union is of a polar type in which the electrons have 
left one atom and gone entirely over to the other atom. 

In the reaction: Zn + CuSO, —> Cu + ZnSO,, 
this difficulty is not encountered because the oxidation 
or reduction of a radical or compound is not involved. 
The two electrons belonged wholly to the metallic Zn 
and are given to the copper ion to form metallic copper. 


Zn:° + Cut+ — Zn++ + Cu: 


Since the attempt to diagram the shifting of electrons 
from individual atoms leads (with the exception of 
simple ions such as the zinc ion) to such illogical results, 
it is better, as pointed out by Otto Reinmuth (8), not to 
try to trace the shift of electrons from the various in- 
dividual atoms but from the ions as a unit. Since it 
happens that the zinc acts as an ion in the last example, 
this apparent exception is also brought into line. The 
same principle may also be extended to non-polar com- 
pounds taken as units (such as methane and carbon 
dioxide). Thus in the nitrate example, “the whole 
nitrate ion may act in conjunction with the hydrogen 
ion as an electron sink’ (9). Similarly, the whole 
methane molecule is an electron source, for the oxygen 
and the water and the carbon dioxide formed account 
for the 8 electrons lost by the methane. 

In conclusion, the writer prefers the somewhat 
arbitrary assumption of valences and the valence- 
change method of balancing equations in teaching 
beginning students. It gives a rapid and correct result 
if properly handled and avoids the pitfalls of tracing the 
shift of electrons from the various atoms. For ad- 
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vanced students the ion-electron method is undoubt- 
edly the most instructive. 
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ROSEVILLE CHAMPION CHEMISTRY TEAM 


THE ROSEVILLE UNION HIGH-SCHOOL CHEMISTRY TEAM WHICH WON THE TWELFTH ANNUAL HIGH-SCHOOL 
CHEMISTRY CONTEST CONDUCTED BY THE SACRAMENTO VALLEY SECTION OF THE AMERICAN CHEMICAL 
Society (1934) 

Left to right: CLARENCE DECATUR, TRAVER SMITH, MARGARET McRAg, C. E. HoLen (INSTRUCTOR), FRANK MAYEDA, MAXINE 
MULLIGAN 
* 7 + 

The annual chemistry contests conducted by the Sacramento Valley Section of the American Chemical Society 
were initiated and have been continued chiefly through the interest and activity of Mr. J. H. Norton, chemistry 
instructor at the Sacto Junior College. The contests take the form of competitive written examinations on the subject 
matter of elementary chemistry. All high schools in the Sacramento Valley, as well as the Reno and Sparks high 


schools of Nevada, are eligible to enter teams. 
Roseville High School teams have won the contest in 1930, 1931, 1932, 1934. In addition, members of Rose- 


ville teams have won the individual trophy cup in 1929 and 1930. No special coaching is given Roseville teams in 


preparation for the contests. aH 
The same team won the Pacific Coast American Chemical Society contest in June, 1934. The examination was 


conducted by Professor G. Rollefson, Chemistry Department, University of California. 





USE of COLLOIDAL COBALTI-NI- 
TROSO-befa-NAPHTHOL in a GEN- 
ERAL CHEMISTRY EXPERIMENT 


GLENN H. DAMON 


Michigan College of Mining and Technology, Houghton, Michigan 


Since a colloidal dispersion of cobalti-nitroso-B-naph- 
thol forms a bright-colored, voluminous precipitate on co- 
agulation, tt ts an excellent sol for the elementary study of 
colloids. Complete directions for the preparation of the 
sol and the determination of the sign of the electric charge 
are given. The Tyndall effect and the Brownian move- 
ment are both readily seen in dilute solutions of the col- 
loid. Flocculation values for ten different electrolytes are 
given. Methods for the student study of the relation be- 
tween the valence of the anion and tts flocculating power 
are suggested. Gelatin exerts a protective action on the 
colloid which 1s readily seen by elementary students. Ap- 
plications to qualitative analysis are given. 


++ ooo + 


OST laboratory manuals of general chemistry 
M include a few experiments on colloids. These 

experiments usually consist in the preparation 
and the testing of several typical colloids. It is diffi- 
cult to find a single colloid with which all of the usual 
tests will give definite results. From the standpoint 
of the student, it would be preferable to study one sol 
in detail rather than to apply specific tests to several 
different sols. For elementary courses in chemistry 
the ideal colloid would be one which: (1) shows a 
definite Tyndall beam; (2) is readily precipitated by 
electrolytes or by oppositely charged colloids; (3) 
forms a bright-colored, voluminous precipitate when 
coagulated; (4) may be readily stabilized by a protec- 
tive colloid. 

Colloidal As2S3, Fe,O3, and Au are usually studied in 
general chemistry. These colloids coagulate rather 
slowly and do not form heavy precipitates. For these 
reasons, many of the mediocre students in a class will 
entirely miss the object of the tests on these colloids. 

In the usual qualitative test for cobalt using a- 
nitroso-8-naphthol, it is not uncommon to get a deep 
red solution instead of the usual brick-red precipitate. 
If the red solution is allowed to stand for a period of 
several hours, a precipitate of the brick-red cobalti- 
nitroso-6-naphthol forms. Experiments show that 
no immediate precipitate is formed when the concen- 
tration of the cobalt is very low or when there is a con- 
siderable excess of mineral acid in the test solution be- 
fore the precipitating reagent is added. The qualita- 
tive test for cobalt being dependent upon‘the forma- 
tion of a definite precipitate, the conditions mentioned 


above should be avoided whenever possible. The red 
solution sometimes formed is probably due to a colloidal 
dispersion of the red cobalti-nitroso-8-naphthol. If 
this latter assumption is correct, a study of this colloid 
should be of interest to all teachers of qualitative analy- 
sis and of general chemistry. 


THE COBALTI-NITROSO-6-NAPHTHOL COLLOID 


A series of cobalt solutions varying in concentration 
from 0.001 mg. to 10 mg. of cobalt per cc. was prepared 
from Baker’s Analyzed c.p. Cobaltous Chloride (CoCl:- 
6H,O). The precipitating reagent was a saturated 


solution of a-nitroso-8-naphthol in glacial acetic acid. 

Preliminary experiments were made by adding 10 
drops (approximately 0.3 cc.) of the a-nitroso-8-naph- 
thol reagent to 20 cc. samples of the cobalt solutions. 
It was found that solutions containing from 0.005 to 
0.01 mg. of the cobalt ion per cc. gave deep red solutions 


in which no precipitate formed in less than two or three 
days. Unless otherwise noted, solutions containing 
0.01 mg. of cobalt per cc. were used for all subsequent 
tests. 

In order to determine definitely whether the deep 
red solution was a colloidal solution of cobalti-nitroso- 
B-naphthol, sols were prepared and studied by means 
of the ultramicroscope. The Tyndall effect was very 
pronounced in the solution, and the reflection of light 
from each colloidal particle could be readily seen. 
Brownian movement was particularly evident in the 
dilute solutions. This evidence, together with the ob- 
servations on the color and type of precipitate formed 
when the red solution coagulated, definitely established 
the colloidal nature of the cobalti-nitroso-8-naphthol. 

Since the a-nitroso-B-naphthol is dissolved in glacial 
acetic acid, the colloidal solutions contain appreciable 
quantities of this acid as well as other electrolytes. The 
pH of the colloidal solution as prepared was found to 
be approximately 3. The acetic acid in the solution 
seemed to have a slight stabilizing effect on the colloid. 
The red colloid prepared in the usual manner was dia- 
lyzed for several hours through a parchment paper mem- 
brane. The colloid was completely precipitated in 
the dialyzed solution while in the same length of time 
there was no precipitation in an undialyzed solution. 
Excess acetic acid had little or no effect on the colloidal 
solution. Three 20-cc. samples of the colloid were 
prepared in the usual manner. To the first two sam- 


193 





194 


ples were added 1 cc. and 2 cc., respectively, of glacial 
acetic acid, while the third sample was used as a check. 
After two days it was found that the third sample was 
completely precipitated while the first two were only 
partially precipitated. Precipitation was considered 
complete when the solution no longer appeared red. 


SIGN OF COLLOID 


In order to study the effect of electrolytes on a col- 
loidal solution, it is necessary to know the sign of the 
electrical charge on the particles. Solutions, 0.005 
molar, of Na2SO, and of BaCl, were prepared. 5-cc. 
portions of each of the electrolytes were added to 
separate 20-cc. samples of the colloid. Inside of two 
hours the sample containing Na,SO, was completely 
precipitated, while the sample containing BaCl, showed 
no precipitation even after twenty-one hours. This 
indicates that the colloid is positively charged. A 
further and more definite check on the sign of the col- 
loid was obtained by treating it with colloidal solutions 
of FeO; and As2S3. The Fe,0; sol had no effect on the 
cobalti-nitroso-8-naphthol colloid, while the As:S; sol 
gave complete precipitation inside of five minutes. 
As As2S;3 is a negatively charged colloid, it is definitely 
shown that the cobalti-nitroso-8-naphthol sol is posi- 
tively charged. 

Students in general chemistry are seldom required 
to determine experimentally the sign of the protective 
layer on the colloid. However, if the sign of the charge 
on the Fe,0; and As2S; colloids is given, the determina- 
tion of the charge on this new colloid furnishes a con- 
crete example of one of the experimental methods of 
colloid chemistry. 


FLOCCULATION BY ELECTROLYTES 


Beginning students in chemistry are seldom asked to 
determine exact flocculation values, but they should be 
expected to understand the action of electrolytes on a 
colloid. The student should also be able to determine 
roughly the relation between the amount of electrolyte 
required for flocculation and the valence of the oppo- 
sitely charged ions. The cobalti-nitroso-6-naphthol 
colloid is very suitable for a student study of these 
problems, for the isoelectric point is definite and the 
voluminous precipitate formed, even from the very 
dilute solutions used, will be easily observed by the 
student. 

The effect of electrolytes on a colloid can be shown 
most effectively by a study of flocculation values. The 
flocculation values for the cobalti-nitroso-8-naphthol 
colloid were determined in the usual manner.! Five 
cubic centimeters of five different concentrations of an 
electrolyte solution were added to separate 20-cc. 
samples of the colloid. The sample tubes were stop- 
pered and the colloid and electrolyte were mixed by in- 
verting the tubes twice; this procedure was repeated 
every fifteen minutes for at least two hours. The 

1 DAVISON AND vAN Kuooster, “A laboratory manual of 


physical chemistry,” 2nd ed., John Wiley & Sons, Inc., New York 
City, 1931, pp. 175-8. 
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flocculation value was taken as the lowest concentra- 
tion of the electrolyte which caused complete precipi- 
tation in two hours. The values are expressed in 
millimols of the electrolyte per liter of the combined 
colloid and electrolyte solutions. The flocculation 
values obtained for a number of electrolytes are given 
in the accompanying table. 


FLOCCULATION VALUES FOR THE Co[CioHs(NO)O]s Sot 


Flocculation Value in Milli- 


Electrolyte mols per Liter 


HCl 

NaCl 
NaBr 
NaNOs 
HeSO. 
Na2SO4 
K2COs 
Naz:HPOs 
NazHAsO. 
NasPO, 


© 
o 
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For the univalent and bivalent anions studied, the 
flocculation values are in the order predicted by the 
Schulze-Hardy rule.? The difference between the two 
types of ions is not as great as is shown with a Fe,0; 
sol,? but the difference is of sufficient magnitude to 
convince the student that the valence of the anion is 
an important factor. The results for the trivalent 
phosphate and arsenate ions do not agree with the 
rule. This is probably due to the extremely low ioni- 
zation of the HPO; and the HAsO, ions which are 
present in solutions of this type. Thus the flocculating 
effect of these salts will be due essentially to uni- and 
bivalent rather than to trivalent ions. 

While the tests with the phosphate and arsenate 
ions do not violate the Schulze-Hardy rule, it is advis- 
able to omit a discussion of the trivalent ion. The best 
results are obtained by having the students use three 
different concentrations of a univalent and of a bivalent 
ion. If NaCl and NagSO, are used as sources of the 
negative ions, it will be found convenient to use con- 
centrations of 0.05M, 0.01M, and 0.002M. If 5 ce. of 
the electrolyte is added to 20 cc. of the colloid, it will be 
found that with the highest concentration both elec- 
trolyte solutions will cause flocculation within a few 
minutes. No precipitate forms when 0.011 NaCl is 
added, but Na2SO, of the same concentration causes 
flocculation. The most dilute solutions of either elec- 
trolyte will cause no flocculation. From these experi- 
ments, the student will readily see that the flocculating 
power of the sulfate ion is approximately five times 
that of the chloride ion. 


PROTECTIVE COLLOIDS 


The protective action of certain lyophilic colloids 
is generally studied in elementary courses. The 
nitroso-B-naphthol colloid is protected from the action 
of electrolytes by very small quantities of gelatin solu- 
tion. A 100-cc. sample of the sol was prepared in the 
usual manner with the addition of one cubic centimeter 
of a 2% gelatin solution. A colloidal solution prepared 
in this manner has been standing in this laboratory for 


2 KRuyT AND VAN KLoostkr, “‘Colloids,’”’ 2nd ed., John Wiley 
& Sons, Inc., New York City, 1930, pp. 71-4. 
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twenty months without a sign of precipitation. When 
placed in an ultramicroscope, this sol shows a definite 
Tyndall beam and the reflection of the light by the in- 
dividual colloidal particles can be readily seen. Since 
the undialyzed, unprotected colloid usually precipitates 
within a week because of the electrolytes present in the 
solution, it is evident that the gelatin is exerting a true 
protective influence. 

The protective action of the gelatin against the co- 
agulating effect of added electrolytes such as NaCl and 
NaegSO, is very definite. Thus it required approxi- 
mately 650 millimols of Na2SO, per liter to cause pre- 
cipitation of the colloid when 0.5 cc. of a 0.5% gelatin 
solution was added to 30 cc. of the mixture. Since only 
1 millimol of NaSO, per liter is required for flocculation 
of the unprotected colloid, the protective effect of the 
gelatin should not be missed even by the most unob- 
serving student. A very conclusive laboratory test 
consists in the addition of 1 cc. of a 0.5% gelatin so- 
lution to 20 cc. of the colloid followed by the ad- 
dition of 4 cc. of a molar solution of NazSO, The 
concentration of the Na2SO, in this test is one hun- 
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dred sixty times the flocculation value for this elec- 
trolyte, yet no precipitate forms. From these obser- 
vations, the student should draw his own conclusions 
as to the effect of a protective colloid. 


APPLICATIONS TO QUALITATIVE ANALYSIS 


Atack® suggests the use of ammonium chloride to 
hasten the precipitation of cobalti-nitroso-8-naphthol. 
Since it has been shown that the sulfate ion is approxi- 
mately six times more effective as a flocculating agent 
than the chloride ion, the use of NazSQ, in place of 
NH,Cl is recommended. Mineral acids such as HCl 
and HNO; seriously interfere‘ with the precipitation of 
cobalt by the a-nitroso-8-naphthol method. Since 
the solution must be slightly acid before making the 
test, many difficulties are avoided by the use of acetic 
acid instead of hydrochloric acid. A subsequent com- 
munication will report the application of coagulating 
agents to the quantitative determination of small 
amounts of cobalt. 


3 Atack, J. Soc. Chem. Ind., 34, 641 (1915). 
‘ Cuapin, J. Am. Chem. Soc., 29, 1029 (1907). 





CORRESPONDENCE 


THE KINETIC DERIVATION OF THE MASS ACTION EXPRESSION 


To the Editor 


DEAR SIR: 


It is admitted that chemical reactions of higher order 
than the third practically never occur. Nevertheless, 
in deriving the mass action expression or equilibrium 
constant, by equating two opposing reaction rates, 
chemical textbooks appear to assume that every re- 
action is accomplished by the mechanism indicated by 
its ordinary chemical equation, even though this may 
seem to imply a reaction of a very high order. The 
apparent inconsistency resides in a little obscurity in 
what we mean by reaction rate. Ordinarily reaction 
rate means the actual rate at which the transformation 
proceeds in some specified step in the series of successive 
steps by which the forward or reverse reaction is ac- 
complished. At equilibrium the rates for the succes- 
sive steps are all equal, provided we do not have what 
might be termed a branched transformation; hence 
the reaction rate for any stage is that for the complete 
set of transformations in the given direction. 

By contrast we may define what might be termed the 
ultimate reaction rate as being a measure of the number 
of molecules, individually identified at the start, which 
succeed within one unit of time in passing through all 


the stages of the transformation. This is proportional 
to the chance that any given particle may pass through 
all the stages within unit time, which in turn is pro- 
portional to the product of the chances for the in- 
dividual stages. When we work this out we find that 
the ultimate reaction rate is precisely that given by the 
mass action expression, A*-B’-C°..., whereas the 
reaction rate in the ordinary sense is a much larger 
quantity, which measures the reaction rate of each and 
every one of the steps in which the given transformation 
is accomplished. By equating two such expressions 
we are therefore merely subscribing to the proposition 
that when we have individually tagged or identified a 
large number of molecules then the number of such 
molecules at equilibrium that succeed in passing all the 
successive stages of a transformation within unit time 
is equal to the number that succeed in passing through 
all the reverse stages within unit time. If this were 
not true, then with passage of time we would have a 
change in the distribution of the tagged or identified 
molecules among the successive reaction stages. 


Yours sincerely, 
H. G. DEMING 


THE UNIVERSITY OF NEBRASKA 
LINCOLN, NEBRASKA 





MATHEMATICAL PROBLEM PAGE 


Directed by EDWARD L. HAENISCH 


Montana State College, Bozeman, Montana 


THE SLOPE of a curve at any given point is repre- 
dy P : 
sented by -y In many physical chemical measure 
x 
ments the function, y = f(x), cannot be determined 


: dy . . : : : 
directly but rs is desired. In such instances y is 
x 


Ly . : 
plotted against x and 7 is determined by: 
ax 
(1) Application of a straight edge to draw the tan- 
J 
gent to the curve at the point x. 2 can easily be ob- 
Ax 


tained for this straight line. Various devices have been 
developed to draw the tangent more accurately.! 


St 














33.2 
x 


FIGURE 1 


(2) Developing an empirical equation which fits the 


. ay 
data and then calculating = by the common rules of 
x 


differentiation. (Simpler empirical relationships will 
often reveal themselves if the log of one for both] of 
the variables is plotted.) 


(3) The Chord Method.? Values of re are plotted 
x 
1 LatisHaw, J. Am. Chem. Soc., 47, 793 (1925). 


2 YOUNG AND VOGEL, tbid., 54, 3030 (1932). 


against x as chords. The smooth curve drawn through 
the midpoints* of these chords represents the slope for 
any value of x. An example follows: 


x y 


1 2 


2 4 


© oo] aq tole 

(Him ~~ 
art bib 
Tim r]to B|D 


x) 

on 
| 

oe) 


3 c 


i! 

ao 
I 

o 


3.5 9 
4.5 15 


Thus the slope at x = 3.2 is 3.9. 


4.5 — 3.5 
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PROBLEMS 


1. Vapor pressure of water: 


eg On 
30.0 


mm, PHg 
31.82 
42.18 
55.32 
71.88 
92.51 

Plot V.P. vs. T. Determine the slope at 65°C. Use 

the approximate form of the Clausius-Clapeyron equa- 
_ dp AH,p 

tion, —— = P 

"dT RT? 
of water at this temperature. 

2. Use the above data to plot log P vs.1/7. Deduce 
the values of A, B, and C in the empirical equation: log 
p=A/T+BlogT+C. Use this equation to get the 
slope at 65°C. and calculate the heat of vaporization 
as in 1. 

3. Show from the approximate form of the Clausius- 


Clapeyron equation that if log p is plotted against 1/T 
Use the follow- 


é;. °C. , . p 
433.6 
525.8 
633.9 


75.0 760.0 


to calculate the heat of vaporization 


"2.303 R’ 
ing data for mercury to get the heat of vaporization by 
this method. 


a straight line of slope results. 


* More accurately the curve should be drawn through the 
chords so that the two areas enclosed between the curve, the chord, 
and imaginary vertical lines drawn through the ends of the 
chords are equal. 
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ahs Ot 
0 

100 

200 


300 
360 


4, The partial molal volume of a solute (v7) is de- 
Thus the slopes of a plot of the volumes 


fined as ov é 
On 


of solutions containing a definite amount of the solvent 
vs. concentration giveve. (See L.& R., p. 36.) Use the 
chord method and the following data to obtain v in a 
46% solution of alcohol in water. 


_Mols CHOH 
Mol H:0 
0.283314 
: 295148 
307405 
:320108 
‘333281 
346951 
,361147 


Vol. in cm.3 
Mol H:0 


33.3615 
34.0237 
34.7104 
35.4227 
36.1627 
36.9317 
37.7313 


SOLUTIONS TO PROBLEMS IN MARCH ISSUE 


dy 


1. (a) = —3x7-4 + ens + 6x 


(b) x(x? + x) = x3 + x; 2 = 3x? + 2x 


(c) 2 = 1/o(x?-+-2) "12x = Tas 
Vx 


xt+2x +1 (x $1)? _ 

(d) x+1 etl alae die 
Eee dy _ 1 
(e) log * = 53035 ax = F30ax 





, ay 
‘ae 


. (a) x! +3a8 +C 
2-5 
(b) | = 12.182 — 4.482 = 7,7 (from tables) 


(c) InT+ 2+C 


<3  O— (10)? -—1000_ _ 
(d) os 9 eo 111.1 


(e) (in x +3) : = 2.303 log: +2—1/, 
= 0.6938 + 1.5 = 2.193 





Ve Ve Ve 
w= f pe  ftar® - ner f Sw allie. 
v1 v1 v v1 v rY) 


Since p:v; = p2t (if T is const.) 


W = nRT in?! = 2.303 aRT log 2 
bs bs 


W = 2.303 X 0.2 X 1.99 X 298 X log > = 191 cal. 


= 2.303 X 0.2 X 82.06 X 298 X 0.699 = 7871 cm.’ atm. 
= 2.303 X 0.2 X 8.315 X 298 X 0.699 = 798 joules. 


(For various values of “‘R’’ see Problem Page for January.) 


, [6p _ Ate [Tar 
> ae ee «ae 


pe AHn/f 1 
A 


For our conditions: 


547.4 AHnm/{ 1 1 
181.1  1.987\313.0 343.0 


AHm = 7866 cal. mol.—}. 


2.303 log 
2.303 log 


25 367 


.Q= uu (7.0 + 0.00717 — 0.0;1867?)dT 
304 





ade 25 0.0071 0.0518673\ |57 
~ 44 (zor a” 3 ) 304 
_ 25 0.0071 

oF \7. 0(367 — 304) + —— (3672 — 


0.05186 


304?) — 3 


(8673 — 304) 
= 328.4 cal. 
6. v=1-+a(t — 4)? 
do = 2a(t — 4) 


= 2 X 8.38 X 10-6 X 21 
= 352 X 107° 





SUMMER COURSES AT CORNELL 


A SIX-WEEKS’ course in Quantitative Maicro- 
analysis will be given in the coming summer session of 
Cornell University, beginning July 8, 1935, provided 
there is sufficient demand for such a course. The work 
will include both organic and inorganic microanalysis 
and is intended to familiarize those who may have need 
of such methods in either industrial or research work, 
with the technic of this type of analysis. The complete 
six-weeks’ course may be taken, or those who do not 
desire credit may arrange to take, in less than six weeks, 
only the portion of the work most suited to their 
needs. Only a limited number of students can be ac- 
commodated, and those interested are requested to 
communicate with M. L. Nichols, Baker Laboratory of 
Chemistry, Ithaca, N. Y. 


INSTRUCTION in Chemical Microscopy will be 
offered at Cornell University during the coming summer 
session. The introductory course includes work on 
micrometry and quantitative studies, crystallographic 
examinations and the use of polarized light, lens 
systems, illumination, ultramicroscopy, photomicrog- 
raphy, and the study of textile and paper fibers. A 
course in microscopical inorganic qualitative analysis 
will also be given. 

The session begins July 8, and continues for six 
weeks, but persons not desiring University credit may 
arrange to cover, in a shorter period, those portions of 
the work most suited to their needs. Inquiries should 
be addressed to C. W. Mason, Department of Chem- 
istry, Cornell University, Ithaca, N. Y. 
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KEEPING UP WITH CHEMISTRY 


Some recent developments in the sulfur and sulfuric acid indus- 
tries. F. Briers. Sch. Sci. Rev., 16, 270-1 (Dec., 1934).—The 
Bernburg process, used in Germany during the war for the pro- 
duction of sulfur from gypsum, may be summarized as follows: 


CaSO, + 4C = CaS + 4CO 
CaS + 2H:O0 + MgCl, = H.S + CaCl + Mg(OH)-2 
2H2S + 30, = 2SO. + 2H20 
2H2S + SO. = 35 + 2H20 
The MgCl, is recovered as follows: 
CaCl, + Mg(OH): + CO, = CaCO; + MgCl, + HO 


At higher temperatures and with lower proportions of carbon 
(coal), gypsum may serve for the simultaneous preparation of 
sulfuric acid and cement. 


CaSO, + C + clay —~ [CaO + clay] + SO, + CO, 
(cement clinker) 
Oo: RB: 


Sugar from wood. F. Briers. Sch. Sci. Rev., 16, 272-3 
(Dec., 1934).—‘‘It has long been known that acid hydrolysis will 
convert the cellulosic material of which wood is mainly composed 
into a mixture of alcohol, sugars, and some acetic acid. Accord- 
ing to the conditions of hydrolysis, the ratio of alcohol to sugars 
can be varied very considerably. Thus, at relatively high tem- 
peratures, and with weak mineral acids, the main yield is alcohol. 
However, by hydrolyzing wood cellulose at so low a temperature 
with 40 per cent. hydrochloric acid that the glucose produced 
thereby is unattacked by the strong acid, Willstatter, and later. 
Bergius, have shown that an almost theoretical yield of glucose 
can be obtained.’”’ The glucose-HCl solution is evaporated at 
low temperature under partial vacuum to 60-65 per cent. glucose. 
The solution is then sprayed into heated chambers where the 
remainder of the HCl and H;O is removed. The solid glucose is 
caught in a cyclone separator. Dok. 

A modern industrial process for the extraction of magnesium 
and potassium chlorate. F. Briers. Sch. Sci. Rev., 16, 277 
(Dec., 1934).—Mg0O is treated with Cl, to give MgCl, ‘and Mg- 
(ClO;)2. The latter is metathesized with KCl. Anhydrous 
MgCl, is electrolyzed with gas carbon anodes and a molten Pb 
cathode. Mg is recovered from the resulting Mg-Pb alloy by 
making the alloy the anode with fused MgCl, electrolyte and ad- 
justing the current so that no Cl. is liberated. OvR. 

Ozone in the atmosphere. R. E. D. CLrarK. Sch. Sci. Rev., 
16, 174-82 (Dec., 1934).—Absurdly conflicting reports of correla- 
tions between ozone content of the atmosphere and various 
meteorological phenomena and between ozone content and 
human health characterized the early literature. The confusion 
was due in part at least to the unreliability of the chemical means 
used to estimate ozone content. Modern methods of estimating 
the ozone content of the atmosphere spectroscopically as well as 
the results of such investigations are discussed. One: 

The alkali industry. II. The Leblanc process. S. I. Levy. 
Sch. Sci. Rev., 16, 152-61 (Dec., 1934).—The article begins with 
an historico-biographical introduction. Then, in the order men- 
tioned, are discussed: salt-cake manufacture; absorption of hy- 
drogen chloride; recovery of chlorine; manufacture of bleaching 
powder; and liquid chlorine. O 

Metallurgy and uses of zinc. 


ae 
S. Rosson. Sch. Sci. Rev., 16, 
162-73 (Dec., 1934).—Conclusion of the article abstracted in J. 


Cuem. Epuc., 12, 44 (1935). The author summarizes the steps 
in the electrolytic production of zinc and then indicates what he 


considers the most probable lines of development in the further 
evolution of zinc metallurgy. The remainder of the article is 
devoted to a discussion of the uses of zinc. ©. BR. 
Neon tubes in advertising. F. A. SrEvENSON. Sch. Sci. 
Rev., 16, 183-6 (Dec., 1934).—The Geissler tube was the fore- 
runner of modern gas discharge tubes. Because of the interaction 
of gases with metallic electrodes it was not until the inert gases of 
the atmosphere became readily available that such lamps 
achieved practicality for other than very special uses. Modern 
lamps are carefully evacuated and “‘washed out”’ at high tempera- 
tures with inert gases. Desired color effects are obtained by 
mixtures of gases, sometimes combined with the use of tinted 
tubes. O. R. 
Storage batteries. II. Alkaline cells. L. Wuuirsy. Sch. 
Sct. Rev., 16, 197-204 (Dec., 1934).—The relative advantages of 
alkaline and acid cells are discussed. The Edison cell is described 
in detail with the aid of photographs and a diagram. The elec- 
trical characteristics of this cell are also outlined. The ——. 
Jungner, and Drumm cells are discussed briefly. O.R 
Current Indian magic. ANon. Ind. Bull., Arthur D. Little, 
Inc., 97, 1-2 (Jan., 1935).—The electroplating of thin layers of 
copper, nickel, and silver is a large and important business, essen- 
tially unchanged for several decades; but a few years ago it was 
discovered that when an electric current was passed through rub- 
ber-tree milk (latex), rubber was deposited in considerable 
amount, but on the anode. This discovery of economical rubber 
deposition gave rise to the now well-known “anode rubber”’ 
process, which has a number of important industrial applications 
today, notably, rubber-covered wire screens and sheet metals. 
Recently, experiments in Bangalore, India, show that shellac can 
be deposited electrically from its solutions in alkalies. The first 
attempted practical applications of this process are for the re- 
covery of shellac from scrap and waste and for the direct applica- 
tion of insulation to copper wires. Wires treated with mixtures 
of shellac and rubber are said to be well and strongly insulated. 
Non-metallic electro-deposition is capable of further extension. 
Clay, for instance, is capable of being either purified or admixed 
with other materials by passing a current through its suspension 
in water, and it is probable that other substances, both organic 
and inorganic, will be found to respond to similar een 
LO: 
Lubricated raisins. ANoNn. Ind. Bull., Arthur D. Little, 
Inc., 97, 3 (Jan., 1935).—When a Muscat raisin is seeded, there is 
produced a sticky raisin. Today if a little oil is sprayed over the 
seeded raisins, they are no longer sticky; and strange as it may 
seem, it is the oil extracted from the raisin seeds that makes the 
ideal oil to use on raisins. The quantity of oil needed is very 
small: one gallon of oil produces the film for over a ton of raisins. 
Enough oil is produced from the 2000 to 4000 tons of cleaned 
and dried seeds yielded each year in California to treat as much 
as needed of the 200,000 tons of raisins harvested. Only a 
highly refined quality of oil is used, and any oil remaining beyond 
the amount needed is acceptable as a bland salad oil. The clean- 
ings from the seeds are fermented and distilled to make a brandy 
used in ‘‘fortifying” wine. GO. 
Progress in the manufacture of fatty acids. R. STRaus. 
Chem.-Ztg., 58, 977-9 (Dec. 5, 1934).—The methods which can 
be used to decompose fats into fatty acids and glycerin are: (1) 
saponification with alkalies or alkaline earths: (2) decomposition 
with mineral acids; (8) hydrolytic decomposition; (4) reactive 
decomposition (Twitchell process); and (5) fermentive decom- 
position. The author discusses these five methods and in addi- 
tion the separation of the fatty acids after the decomposition, the 
manufacture of solid fatty acids from oils with high iodine num- 
bers, the manufacture of a fatty-acid mixture similar to industrial 
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stearin from sperm oil, and the manufacture of solid fatty acids 
from natural or artificial waxes. 

The German kaolin mining industry and its industrial i impor- 
tance. A. LAUBENHEIMER. Chem.-Zig., 58, 957-9 (Nov. 28, 
(1934).—A review accompanied by three illustrations showing: 
(1) the mining of kaolin; (2) scheme of industrial kaolin washing; 
and (8) a press-filter hail of a large kaolin plant. L. S. 

The evolution of artificial silk and its importance. K. G6rze. 
Z. angew. Chem., 47, 741-6 (Nov. 3, 1934).—A review dealing with 
statistical information on the production of artificial silk in vari- 
ous countries in 1918, 1925, 1932, and 1933 and the imports of 
artificial silk into Germany from 1913 to 1933, general and special 
problems of the artificial silk industry, copper silk, acetate silk, 
and special artificial silk problems. L. S. 

The raw material supply of the German lacquer industry. B. 
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SCHEIFELE. Chem.-Zig., 58, 949-52 (Nov. 24, 1934).—The raw 
material supply of the paint and varnish industry is derived from 
the following sources: (1) fatty plant and animal oils, as linseed-, 
wood-, poppyseed-, nut-, soybean-, and castor oil and blubber 
oils; (2) natural and artificial resins, as amber, fossil, and other 
copal resins, and synthetic phenol and phthalate resins; (3) 
cellulose derivatives, as cellulose esters (nitro- and acetyl cellulose) 
and cellulose ethers (ethyl and benzyl cellulose); (4) asphalts, 
bitumens, tars, and waxes; (5) caoutchouc and its derivatives 
(chlorinated caoutchouc); (6) water-glass, animal and vegetable 
glue (starch, dextrin); (7) solvents, diluents, and plasticity aids, 
as benzine and benzene hydrocarbons, oil of turpentine, alcohols 
and organic esters; (8) body colors or pigments, as mineral colors 
and dyes, organic pigments, and soluble coal-tar dyes; (9) pow- 
dered fillers and substrates as barite, chalk, and gypsum. L. S. 


HISTORICAL AND BIOGRAPHICAL 


The age and origin of the name “Organic Chemistry.” E. O. 
von LippMANN. Chem.-Zig., 58, 1009-11 (Dec. 15, 1934) and 
1031-2 (Dec. 22, 1934). —The name “Organic Chemistry” dates 
back years before Berzelius used it in 1806 and caused its general 


adoption. It was employed before 1800 by Novalis (von Har- 
denberg) who also coined the term ‘‘Organic Physics.”” The au- 
thor quotes from numerous old publications. 110 references are 
listed. 


EDUCATIONAL MEASUREMENTS AND DATA 


Testing for a mastery of the principles of chemistry. B. C. 
HENDRICKS AND R. W. TYLER. Sct. Educ., 18, 212-5 (Dec. ' 
1934).—The authors have been engaged in a ‘testing program in 
college chemistry sponsored by the American Council of Educa- 
tion. Believing a mastery of certain principles in chemistry to 
be the major objective of teaching chemistry, the authors have 
worked out a technic for measuring objectively the mastery of 
certain principles of chemistry. The article presents the under- 
lying philosophy of this technic and presents concrete evidence 
as to how it is applied. C. M. P. 


Status of college and university offerings in the teaching of 
science. H. BrReEcKBILL. Sci. Educ., 18, 221-5 (Dec., 1934).— 
This is the résumé of a study of the offerings in the teaching of 
science in 138 colleges and universities. Sixty-one per cent. of 
these schools offered courses in the teaching of science, and in 37 
universities and colleges enrolling 3000 or more students, seventy- 
eight per cent. offered such courses. In a total offering of 150 
courses in science teaching, 38 courses were devoted to the teach- 
ing of science in general, 11 to the teaching of physics and chem- 
istry, and 21 to the teaching of chemistry. C.Ma?. 


THE PHILOSOPHY OF EDUCATION 


Science’s contribution to citizenship. B.S. Ler. High Sch. 
Teacher, 10, 281-2 (1934).— After defining a citizen as ‘“‘one who 
leads the group life and coéperates with his fellow man” the 
author states the functions of good citizenship and gives criteria 
for judging it. Starting with “health, wealth, culture, a sense of 
race security, happiness, a philosophy of life, open-mindedness, 
and ability to get along with other people” as citizenship objec- 
tives he shows concretely that the training offered by science 
makes substantial contributions to good citizenship in line with 
those objectives. B.C: HB: 

Modern social and educational trends. Research Bull. 


Nat. Educ. Assoc., 12, 244-87 (Nov., 1934).—This excellent 
bulletin should be required reading for all teachers in American 
schools. Excellent graphs, charts, and diagrams elucidate the 
discussion. Topics considered: () Population; (2) Health 
and Vitality; (3) Home and Family Life; (4) Position of 
Women; (5) Economic Organization; (6) Labor Conditions; 
(7) Occupations; (8) Wealth and Income; (9) Invention and 
Discovery; (10) Communication; (11) Transportation; (12) 
Government; (13) Crime and Punishment; (14) Public Finance; 
(15) Natural Wealth; (16) Leisure-time Activities; and (17) 
Religion. CMe. 


GENERAL 


Photomicrography with a box film camera. K. J. SAVAGE. 
Sch. Sci. Rev., 16, 273-5 (Dec., 1934).—Directions for construct- 
ing photomicrographic apparatus with separate focusing device 
from a cheap box roll-film camera (sans lens and shutter), two 
discarded microscope eyepiece tubes, and a !/;-lb. tobacco tin. 
Diagram, photograph of apparatus, and three photomicrographs. 

O.R 


How three chemical executives look at 1935. Chem. & Met. 
Eng., 42, 28, 37, 38 (Jan., 1935).—H. L. Derby, President of 
American Cyanamid and Chemical Corporation, says, ‘‘The chief 
problems in which uncertainty now exists are those relating to 
reciprocal tariffs, unemployment insurance, the possibility of in- 
flation, and various other matters more or less directly or indi- 
rectly concerned with Industry’s relationship to Government. 
When these uncertainties are removed I believe chemical indus- 
try can be depended upon to continue its progress.” 

Says H. A. Galt, President, Southern Alkali Corporation, ‘I 
consider the chief problem of our and all other great industries 
is a settlement of the labor situation which in my opinion would 
mark the beginning of an era of greater prosperity than this 
country has ever before experienced. Weare all ready to expand 
and employ labor when this one problem is definitely settled.” 

Charles Belknap, President of the Merrimac Chemical Com- 
pany, says, ‘“The present administration has its problems, both 
political and economic. Industry must recognize these problems 
and the Administration must respect the Constitutional rights of 
its citizens, in any codperative attempt to successfully work out 


the future. Neither can disregard the other. The gravest error 
an individual can make is to create a situation which he cannot 
handle. This may become the situation in this country if sound 
advice and able assistance is not heeded and utilized imme- 
diately.... Chemical industry has done a grand job in caring 
for its personnel throughout the entire depression. It is a vital 
industry in the economic welfare of the country, and is, besides, 
the guardian of the health of the nation. The outlook for the 
industry’s future is decidedly a greater opportunity to serve, 
provided uncertainty does not retard and hamper. To forecast 
1935, again the poker game—"TI call!’ ”’ Jj. W..H. 
Process industries continue to grow. Chem. & Met. Eng., 42, 
22-3 (Jan., 1935).—The official figures of the U. S. Census of 
Manufactures reveal that the process industries, 7. e., those uti- 
lizing chemical engineering in their production processes, have 
increased their share in the total for all industry. They have 
followed the downward trend to a lesser degree than industry 
as a whole and now hold, therefore, a more prominent place than 
ever before in our industrial set-up. A study of the figures since 
1899 shows that this group holds to a more stable diet, less af- 
fected by either feast or famine. Surely the record of the depres- 
sion from which we are now emerging is evidence of unusual sta- 
bility. . We Es 
Won by anose. W.R. Winicov. Sch. Sct. Math., 34, 865-74 
(Nov., 1934).—This is a short play introducing many scientific 
facts and terms and concluding with, “‘Yes, science wins by a 
nose.’ J. H.G. 





RECENT BOOKS 


THE Law or PATENTS FOR CHemists. Joseph Rossman, Ph.D.; 
Patent Examiner, U. S. Patent Office; Editor, Journal of the 
Patent Office Society; Chairman, Committee on Patents, etc., 
American Association for the Advancement of Science. Second 
edition, The Williams & Wilkins Company, Baltimore, Mary- 
land, 1934. xi+378pp. 19.5 X13.5cm. $4.50. 


This book is a revised and improved edition of Dr. Rossman’s 
1932 treatise on the same subject. In the first edition the an- 
nounced purpose was to give a comprehensive treatment of the 
technical subject of patent law in such a manner that it could be 
comprehended by chemists even though they might not have had 
legal training or legal experience. The present edition, which is 
an improvement on the first, is a clearly written exposition of 
the nature of invention and the safeguards which a chemical in- 
ventor should employ to obtain patent protection for his inven- 
tion and to reap the benefits of such protection once it has been 
obtained. It covers clearly and succinctly the answers to the 
thousand and one questions which confront a chemist or a re- 
search worker whose activities result in new and patentable in- 
ventions. The explanation of chemical law is amply supported 
by digests or quotations from leading decisions of the various 
courts which pass on patent questions. The chemist-inventor 
will find a wealth of sound advice on how to maintain his re- 
search records and so order his activities as to perpetuate his 
invention and obtain the best patent protection thereon. 

Dr. Rossman has achieved his purpose in a very creditable 
fashion, for his book is a condensed, easily readable, and at the 
same time comprehensive treatment of a very technical subject— 
that of chemical patent law. If it can be criticized it is only for 


the somewhat too frequent use of quotations from court decisions 
which, while interesting and instructive to lawyers, are probably 
not as instructive to the lay-chemist as the same information 
would have been if explained in the author’s own style. 

Beyond any doubt Dr. Rossman’s contribution is a valuable one 


in a field in which there has been all too little writing. It has 
been the reviewer’s experience that even in well-organized re- 
search departments (where the individual members of the de- 
partment have become patent-wise) the constructive thought 
necessary to disclose to a patent attorney a complete invention, 
including limitations as to operating conditions and the range of 
equivalents necessary to obtain a good patent, forces upon the 
chemist-inventor a broader outlook upon his own invention and 
the field of research in which he is active. This naturally results 
in stimulating further and more effective research. The bene- 
ficial effect of such education as Dr. Rossman’s book disseminates 
cannot be over-emphasized. EDWARD B, BEALE 


STANDARD O11 Co. (INDIANA) 
Cuicaco, ILLINOIS 


MASSANALYSE. THEORIE UND PRAXIS DER KLASSISCHEN UND 
DER ELEKTROCHEMISCHEN TITRIRVERFAHREN. Dr. Gerhart Jan- 
der and Dr. Karl Friedrich Jahr, Kaiser-Wilhelm-Institut fiir 
Physikalische Chemie und Elektrochemie, Berlin-Dahlem. 
Sammlung Géschen, Walter de Gruyter & Co., Berlin and 
Leipsig, Germany, 1935. In two volumes. 277 pp. 42 figs. 
10 X 15.56cm. Each volume RM. 1.62. 


The Géschen Collection of booklets aims eventually to cover 
the entire field of Science and Arts with brief, up-to-date, readable 
monographs. The very large number of the books that have been 
published shows that they are meeting a friendly reception. The 
book at hand, which is printed in two volumes simply because it 
is nearly twice the standard size, is one of the best that has ap- 
peared. It is truly remarkable how well the entire field of 
volumetric analysis has been covered in so little space. At the 
beginning, a list of twenty-nine standard works is given from 
which the material has been derived. At the end, a brief history 
of volumetric analysis is given, starting with the early experi- 
ments of Descroizilles (1789) and of Vauquelin, with particular 
reference to Gay-Lussac who can be regarded as the father of 
volumetric analysis, and with suitable references to the work of 


Marcueritte, Bunsen, Mohr, Volhard, Miiller, Kolthoff, Britton, 
and others. ‘ 

The terms used in Volumetric Analysis are defined properly. 
The instruments are described and the way to calibrate them. 
The methods start with oxidation-reduction reactions. Eleven 
typical procedures for work with permanganate are described, 
including such determinations as those of hydrogen peroxide, 
uranium, hydroxylamine, manganese in steel, and iron. Under 
potassium bichromate, four methods are given and the use of 
diphenylamine as internal indicator is explained clearly, as well 
as work with the spot plate. Four methods involving potassium 
bromate are given, fifteen iodometric procedures, and two methods 
illustrating work with potassium bromate and bromide in acid 
and in alkaline solutions. The first volume ends abruptly in the 
midst of the discussion of neutralization reactions. The physical 
chemistry underlying the titration of weak acids and weak bases 
is discussed clearly and simply, together with the principles 
governing the choice of indicators. In this discussion a few 
mathematical equations are introduced but in a way that is easy 
to understand. 

In the second volume, ten representative titrations with acids 
and bases are given including work such as the titration of car- 
bonates in the presence of hydroxides or of bicarbonates with two 
endpoints. Under Precipitation Methods, twelve procedures are 
given including work with the adsorption indicators introduced by 
Fajans. After this, the theory of conductometric and po- 
tentiometric titrations is explained and a number of suitable ex- 
amples of such work are described. 

The book is well printed and the German is easy to read be- 
cause it is practically free from the long, highly involved sentences 
which some German scientists love to use and from the long, com- 
pound words which cause beginners so much trouble. It can be 
recommended to all those who can read German and who wish to 
review their knowledge of volumetric analysis or to find out about 
such things as pH, oxidation-reduction potentials, or electrometric 
analysis. It can be used to advantage by students who wish to 
review their knowledge prior to some examination and it can also 
serve for giving students practice in reading chemical German. 
Other books in this series have been used for this last purpose but 
few, if any, of them are as satisfactory. WiiiraM T. HALi 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


DECHEMA MONOGRAPHIEN. Band 6. Deutsche Gesellschaft fiir 
Chemisches Apparatewesen. E. V. Verlag Chemie, G. M. B. 
H., Berlin W. 35, 1934. 128 pp. 9 tables. 98 illustrations. 
15 X 23cm. RM.5 (for members RM. 4). 


The sixth volume of the Dechema Monographs contains eight 
lectures delivered at the 1933 meeting of the German Society of 
Chemical Engineers. The papers included in this volume are 
mainly devoted to unit operations and materials of construction. 
Only one deals with industrial reactions, and proposes a classifica- 
tion of chemical reactions on the basis of states of aggregation. 
The lectures on unit operations have to do with efficiency of 
fractionating columns, pressure loss in packed towers, and adsorp- 
tion of solvents by active carbon. Those devoted to materials 
include high chromium iron alloys, fused silica, tests of welds by a 
magnetic-acoustic method, and the use of X-rays in examination 
of equipment. 

The papers are reasonably comprehensive and thorough, and 
are mainly of value to the experienced chemical engineer. How- 
ever, they would serve as excellent parallel reading for advanced 
students of chemical engineering, not only for their subject matter 
but for training in reading German. W. T. Reap 
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: LEMENTS OF THE QUANTUM THEORY. 





The series of articles by Dr. Saul Dushman be- 

ginning in this issue under the foregoing title 
represents the consummation of an editorial quest of 
several years’ duration, and one which until recently 
had seemed doomed to continual disappointment. 

Semi-popularized versions and qualitative expositions 
of the quantum theory there had been in profusion— 
a few of them good, many of them indifferent, and some 
of them very bad indeed. If the chemist of moderate 
mathematical equipment turned, in search of something 
into which he could actually get his teeth, to scholarly 
monographs on the subject or to the original periodical 
literature, he soon found himself biting on the granite 
of symbols and operations of which his school-day 
textbooks furnished no exposition. 

If we liken the mathematics of the quantum theory 
to a language, there had been tabloids for people who 
could not, or did not care to, read; there had also been 
profound tomes for native linguists. Nowhere, how- 
ever (to your editor’s knowledge), had there been a 
series of simple reading lessons, annotated and sup- 
plemented with a vocabulary, for the novice. That 
lack Dr. Dushman has undertaken to supply. 

In evidence of Dr. Dushman’s success your editor 
deposes that his own mathematical training, although 
good as far as it went, was very meager. It has suf- 
fered considerable depreciation through disuse, and 
has been supplemented but little by post-scholastic 
study. Nevertheless, with the aid of pencil and 
paper and a few mathematical references, it has proved 
sufficient to intelligent reading of these elementary 


lessons. Lest any think we boast, we admit frankly 





that our reading was not always fluent and that it was 
occasionally accompanied by some head-scratching 
and inarticulate movement of the lips. However, we 
made the grade. After all, if anyone has good cause 
to feel puffed up over the spectacle of a dog walking 
on his hind legs it is the dog’s teacher rather than the 
dog himself. 

Dr. Dushman has adopted the logical rather than 
the historical method of approach. As he points out, 
the methods of presentation employed by the pioneers 
in the field were rather complicated and involved con- 
cepts difficult for any but the experienced mathema- 
tician to grasp. Some of these complications now 
appear to have been incidental embellishments rather 
than fundamental necessities. Dr. Dushman has 
wisely discarded them. For the most part he has 
employed only simple and well-known mathematical 
technics. His step-by-step development of significant 
equations is unusually detailed and he has not dis- 
dained to include extremely elementary (to a mathema- 
tician, obvious) hints and explanations at points where 
it seemed possible that the weak might falter. 

The first article of this series may be regarded as a 
preliminary survey or orientation lecture—which 
does not by any means imply that it should be passed 
over lightly or inattentively. The ambitious student 
who wants to get down to work with pencil and paper 
will find his opportunity in the second and succeeding 
instalments. 

Mr. Edward L. Haenisch, Director of the Mathe- 
matical Problem Page, has kindly consented to prepare a 
series of problems correlated with and supplementary 
to this series of articles. The first correlated Problem 
Page will appear in the June number of the JOURNAL. 
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The PRODUCTION of SALT 


JOHN E. HYLER 


501 Broadway Ave., Peoria, Illinois 


LL COMMERCIAL salt comes originally from 
salt deposits in the earth, in many cases lying 
far underground, in many others very close to 


the surface, in some actually cropping out. Some 
deposits are very great, without a question the beds of 
prehistoric salt lakes or seas. These may have been 
covered by huge advancing glaciers, as many believe; 
no doubt some cataclysmic upheaval or series of up- 
heavals is responsible for the wide distribution of salt 
deposits. 

At any rate, salt is found everywhere, and scientific 
men are unable to estimate how much of it may lie 
beneath the surface. But it is very plentiful. Salt 
springs are by no means uncommon, and many times 
salt gushers have been brought in while drilling for oil. 
A bed of salt extends from Lake Michigan to Lake 
Huron across the state of Michigan, at some points 4000 
feet or more underground. One deposit in Texas has 
had shafts sunk into it for many thousands of feet 
without reaching the bottom, and the depth of salt 
there is still unknown. The great Wieliczka mine in 
Poland, worked for at least the last seven centuries, 
has a maximum depth of more than two miles. 

Salinity of present-day bodies of water is due to these 
underground deposits. The oceans are constantly be- 
coming more salty. Water flowing into them from 
rivers brings a deposit of salt. Water evaporated from 
them carries no salt with it, but is precipitated upon 
the earth, and again carries a salt deposit to the sea. 
The same is of course true of inland salt seas and lakes. 


How and when man first appropriated salt for his 
use we can only conjecture, though it is highly probable 
that his first salt came from deposits left by evaporated 
sea water. Quoting from a little booklet, ““The History 
of Salt,’ published by the Morton Salt Company, 
“The first written reference to salt occurs in that 
greatest and most glorious of all books—the Holy Bible. 
In the book of Job (6:6), which was written about 
2250 years before the birth of Christ, is found the line 
‘Can that which is unsavory be eaten without salt?’ 
The Bible also contains thirty-two other references to 
salt, perhaps the most familiar of which is the story of 
Lot’s wife, . as 

Study of such ancient salt history as is available is 
very interesting. We read of Cesarean soldiers pene- 
trating into Britain, and finding people engaged in 
making salt by pouring brine on charcoal fagots and 
scraping away the formation of crystals which resulted. 
It is evident that the greater portion of salt produced 
in Biblical times was made along the shores of the his- 
toric Dead Sea in Palestine in shallow salt basins, that 
it was rather highly laden with sand as well as other 
impurities, and that a common method of obtaining it 
pure for seasoning food was to dissolve it in water to 
form a strong brine, allow this to clear, and then use the 
clear brine for seasoning. Obviously, each time this 
was repeated, the “salt” became weaker, until it “lost 
its savor’ altogether, and was, according to the word 
of Christ, ‘thenceforth good for nothing, but to be cast 
forth and trodden under the foot of men.” Salt that 
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was highly impure, in fact, continued to be used until 
relatively recent years. As late as one hundred years 
ago, people in some sections of our own country were 
using a coarse brown salt, and when salt had been 
successfully refined, it was difficult to sell it to those who 
had been accustomed to using the discolored product. 

Soldiers of Rome often received a part of their re- 
muneration in salt, and this portion of their wages 
was called their “‘salarium,”’ from which word, in turn, 
our word “salary” is derived. Another interesting 
fact is the naming of certain English towns after a 
term having to do with salt. Quoting from “Salt and 
the Salt Industry,” an English book written by Calvert, 
we have some of his findings, as follows: ‘In Camden’s 
Britannia (published in Latin in 1607, and translated by 
Philemon Holland in 1610) we read that the word 
Wiccij may seeme to have beene derived of those salt 
pittes that the old Englishmen in their language named 
Wiches, and William Smith, a Cheshire man and author 
of a work which is known as King’s Vale Royal (1656 
edition) says, ‘The house in which the salt is boiled is 
called the Wychhouse; whence may be guessed what 
wych signifies, and why all those towns where there are 
salt-springs or where salt is made are called by the 
name of wych, viz., Namptwych, Northwych, Mid- 
dlewych, Droitwych.’”’ 

From the same work, we extract one or two interest- 
ing old records—‘‘At Northwich there is a deep and 
plentiful brine pit with stairs about it, by which, when 
they have drawn the water in their leathern buckets, 
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they ascend, half naked, to their troughs and fill them, 
from whence it is conveyed to the wich-houses about 
which there stand on every side many stakes and piles of 
wood.”’ 

Again, we are told, of two wells of salt water at 
Middlewich, which are separated by a small brook, 
“fone stands not open but at certain set times, because 
folke willingly steale the waters thereof, as. being of 
great vertue and efficacie.”’ 

Yet again, we select one of many regulations in 
force in those ancient days, which read: ‘40. Item. 
It is ordered that if any Waller [a term probably 
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FIGURE 3.—SALT WASHER AND ELEVATOR 


derived from the Anglo-Saxon weallere, a boiler; Ger- 
man wallen, to boil] be found making of Course Salt 
when they might make it better if they would, the 
Lead-lookers or Salt-viewers so finding them and mak- 
ing presentment thereof e’ry such Waller so offending 
shall fine to yr Lord for e’ry offence therein 2d.” 

We of modern days usually think of salt as being 
mined. Much of it is mined. The Morton Salt 
Company has a huge mine at Grand Saline, Texas, not 
far from Dallas. This, as well as other mines in many 
places, is equipped with modern machinery comparable 
to that used in mining coal, etc. Compressed air drills, 
electric mine cars and elevators, dynamite, and the 
usual mine buildings called tipples play their part. 
Such salt is crushed and screened into various grades, 
except for the larger and better-conditioned lumps 
which are piled to season and are sold as lump rock salt. 
The degree of purity of such salt varies in different 
mines—that from the Morton mine mentioned is said 
to be exceptionally pure, averaging 99!/2%. 

Salt from underground deposits is often brought to 
the surface by means of water and compressed air. 
Drilling down into the bed of salt to form one of these 
modern salt wells, or ‘water mines” as they have been 
called, a dual pipe, one casing within the other, is put 
down, and to the outer one is attached a water pipe 
connection fed by high-capacity mechanical pumps. 
Water is forced down to the salt bed through the 
outer casing, and dissolves salt to form brine. The 
brine is heavier than the pure water coming in from 
above, and therefore tends to remain at the bottom, 
though because of the weight and pressure of the water 
coming in from above, it rises to a considerable height 
within the inner casing. A compressed air pipe is 
placed down inside the inner casing to a point just 
below the surface of the brine, and air is released to 
lift the brine the remainder of the way. This is a very 
good method for such deposits as are lacking in purity, 
for the only impurities that are brought up by such an 
arrangement are those which have gone into solution. 
Some method of getting rid of the excess water from the 
brine, so that it will crystallize, is then in order. 

In practically all instances, the water is eliminated by 
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FiGurRE 4.—SALT STORAGE PILE 


evaporation, through the application of heat. There is 
one interesting variation that has been practiced in 
some very cold countries where the production of heat 
for the purpose is very expensive. In such cases, 
much of the excess water is removed by putting the 
brine through freezing processes instead. That por- 
tion which freezes is free of salt, and when the ice is 
removed the brine is much more concentrated. By this 
method it is possible to bring the brine to a point 
where it can be processed by evaporation with far less 
expenditure of heat. 

Evaporation of brine to obtain sodium chloride is 
usually very carefully controlled, especially in cases 
where the brine is impure. By very careful regulation 
of the evaporation process, only the sodium chloride is 
crystallized out, leaving such other salts as may be 
present in solution. The supernatant liquid can then 
be drawn off and the salt reclaimed, or more of the 
original solution can be added, and the process con- 
tinued. 

Salt obtained from underground deposits directly is 
only one part of the picture. The ancient custom of 
obtaining salt from the ocean and from inland salt seas 
still prevails, but the process has been improved 
by modern methods of control, enabling full and 
skilful use to be made of natural economies. Two 
factors operate to govern the choice of salt-project 
locations of the solar-evaporation type. One is the 
necessity for flat ground adjacent to the sea, and of 
low or questionable value for other purposes. The 


other requirement is a hot summer climate, with as 
little rainfall as possible, so that evaporation will not 
be retarded. The Morton Salt Company has a solar 
project at Great Salt Lake in Utah. A region especially 
favored for this purpose is that around San Francisco 
Bay. Another is adjacent to the Mediterranean 
Sea. 

A project in California which has practically revo- 
lutionized the business by its own patented method 
of harvesting is that of the Alviso Salt Company, which 
supplied several of the photos shown here. It is located 
on a 15,000-acre area of low marsh land, which has 
been divided off with a dredge by digging out canals 
and throwing up levees. Water is admitted into a 
large area from the bay at high tide, and from there is 
transferred into “making vats” as the evaporation 
process continues. The canals running between these 
vats are deep enough to permit a hopper barge to oper- 
ate in them, as is shown in Figure 1, where a barge is seen 
being towed by a tractor operating on the levee road. 

Considerable time is required, and considerable 
moving of the water from pond to pond, before the 
salt is finally left on the floors of the vats, in the form of 
a crust several inches thick, and ready to harvest. 
Alviso uses a Caterpillar tractor which they have fitted 
up according to their own patents and to serve their 
particular purpose. This specially fitted tractor is 
provided with cutters, machinery, and a pair of ele- 
vators which will convey the stream of salt to either 
right or left as desired. Moving along as shown in: 
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Figure 2, it deposits the salt which it tears loose from 
the vat floor onto the sectional conveyor shown at the 
right. The sections of this conveyor stretch com- 
pletely across the floor of the vat, and may be moved 
as the harvesting continues. The delivery end of this 
sectional conveyor discharges at the hopper barge 
formerly mentioned. 


The barge has a capacity of 600 tons. It is towed, 
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when loaded, to a washing plant appearing in the 
background of Figure 3, into which it is discharged by 
the elevator it carries. The washer consists of screw 
conveyors, elevator baskets, and allied equipment. It 
carries the salt through a brine solution and up an 
elevator, washing it free from mud and vegetable 
matter. 

Provision is made for discharging the salt from the 
washing plant into railroad cars by running them 
under the tower. When these pictures were taken, a 
Caterpillar tractor was employed to pull the cars into 
position under the tower, and from there to the storage 
or “great pile,” shown in Figure 4, where a Link-Belt 
crawler crane was employed to move the salt onto the 
pile. From such a storage, salt may be packed and 
sold directly for snow melting, ice-cream packing, 
fish packing, and many other industrial uses not re- 
quiring a high degree of refinement. Salt for table 
use is taken from the pile, as a rule, and goes through 
added washings, screenings, etc., to produce a more 
highly refined article. Most of this salt is for Western 
consumption, transportation charges largely barring 
it from eastern markets, where most of the salt used is 
obtained from mines or salt wells. The picture on the 
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front cover of this number shows a view taken from the 
washing plant at Alviso, of a Caterpillar tractor pulling 
a loaded car from the washing plant to the great pile. 

Elevators of belt-and-bucket type are much used 
for elevating salt to storage and the screw type of 
conveyor is used for moving either wet or dry salt. 
Figure 5 shows a line of screw conveyor moving moist 
salt to storage. Belt conveyors of horizontal type are 
also used. Where wet salt is handled, there is an equip- 
ment corrosion problem. Consequently, Monel metal 
is often used for wet handling installations. In one 
case with which the Link-Belt Company had to deal, 
it was found wise to use “granitized’”’ rollers in a belt 
conveyor handling salt. It will be understood that 
these rollers were simply coated with “granite” after 
the manner of so-called granite kitchenware. The 
rollers have fulfilled every expectation. 

There are other evaporation processes used in 
connection with brine obtained from salt wells that we 
can mention but briefly. One is the open-pan process, 


Hydraulic Press Mfg. Co. 
FIGURE 6.—HyYDRAULIC PRESS FOR FORMING SALT BLOCKS 


and a quite similar one is the grainer process, in which 
the brine is run into shallow vats in the salt factory, 
the vats containing steam-pipe coils to drive off the 
moisture. As the salt crystallizes and settles to the 
bottom, it is pulled up an incline from the vats by 
mechanically powered rakes, the liquid draining back 
into the vats. 

Of greater importance is the vacuum pan, which has 
attained considerable popularity. These pans are 
like two big iron cones joined together at their bases, 
are air-tight, and are operated under vacuum, the brine 
being caused to boil by the combination of the vacuum 
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and the application of steam around a so-called steam 
belt. Because of the vacuum, they boil with much 
less heat, and they may be arranged in series so that the 
vapors from the first pan are used as heat for the 
second, the vapors from the second as heat for the 
third, etc. The heat grows less each time, of course, 
but the vacuum is correspondingly increased in the 
succeeding pans. The salt settles to the bottom of 
these “‘pans,” from where it is removed by a belt and 
bucket elevator operating in a “hydraulic leg,” and 
carried upward to storage. From such vacuum pans 
comes the modern free-running salt. 

Various methods of drying salt are used. Some of the 
moisture is allowed to drain away. Centrifugal ma- 
chines are sometimes used to remove a large part of it. 
For final and thorough drying, the rotary, heated, near- 
horizontal drum is much used, the salt working through 
it in one direction while a blast of heated air is forced 
through it in the other. 

A modern change in one large department of salt 
production has to do with salt blocks which are used in 
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large quantities by dairymen, stockmen, etc. These 
used to depend very largely on select blocks of rock 
salt as they came from the salt mine, but the picture 
has rapidly changed, because of the possibility of form- 
ing better and more enduring salt blocks by hydraulic 
pressure. A salt press engaged in converting low- 
grade salt into blocks of extreme hardness and endur- 
ance for this purpose is shown in Figure 6. Since this 
picture was taken, the hydraulic block salt press has 
been further refined, until now it is a fully self-con- 
tained machine, motor, pump, and fluid storage all 
being located above the ram. 

The author wishes to acknowledge his indebtedness 
to the Caterpillar Tractor Company, of Peoria, IIli- 
nois, the Link-Belt Company of Chicago, and the 
Hydraulic Press Mfg. Co., of Mount Gilead, Ohio, 
for the use of photographs reproduced in this article. 
Acknowledgment is also made to the Morton Salt 
Company of Chicago and to the Manistee Iron Works 
Company of Manistee, Michigan, for supplying certain 
data upon which we have drawn. 





LABORATORY LOCKER INSPECTION 


G. N. QUAM 
Long Island University, Brooklyn, New York 


EVERY teacher of general chemistry frequently has 
cause during the year to wonder if there might be some 
relationship between a dingy, disorganized locker and 
the befuddled mind of the student who unlocked it. 
Surely, the loss of time at the beginning of a period en- 
tailed by required washing of stained glassware and by 
hunting for the pieces of equipment that never seem 
to be twice in the same place in the locker, is worth 
considering. The author and his staff of instructors 
have, during the past two years, tried to help the 
beginning student save time by enforcing a plan of 
arrangement of locker equipment largely because the 
adoption of the ‘‘kit system”’ caused severe crowding of 
the 15” X 18” X 8” drawer locker. The student upon 
“checking in’ receives a plan (Figure 1) which is self- 
explanatory, and during the first periods is assisted 
in arranging his equipment. In this the student is fur- 
ther assisted by having on display in the laboratory a 
model locker fully equipped according to the plan. 
The student who welcomes this assistance needs no 
further urging in this or any other phase of laboratory 
technic, but he is too often in the minority. 

To further impress upon the student the instructors’ 
insistence on orderliness in locker arrangement as well 
as orderliness in his thought processes, the inspection of 
lockers is made equivalent to one question in laboratory 
quizzes. The grade resulting from the inspection, al- 
though small in its effect on his record, has seemed to 
give the careless student a real reason for keeping his 
house in order. The results seem to justify this brief 
note. 
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FiGuRE 1.—LockER ARRANGEMENT FOR GENERAL CHEMISTRY 


1. Kit, matches, and weights. 

2. Test-tube rack and 6 test-tubes. 

3. Box (glass plates, watch glasses, stoppers, filter paper, 
crucible, dropper, wing top, file, spatula, test-tube holder, 
pestle, pinch clamps, two pyrex tubes, glass tubes). 

4, Burner. 

5. Rings, clamps, deflagrating spoon, blow pipe, brush, gauze, 
triangle, tongs. 

6. Evaporating dish, mortar, soap. 

7. Four test bottles. 

8. Erlenmeyer flask, stirring rods. 

9. Three wide-mouthed bottles. 

10. Beakers. 

11. Waste jar, wash bottle. 

12. Graduated cylinder, thermometer, pipet, thistle tube, 
drying tube, funnel. 

Place towel over Nos. 10 and 11. 





CHLOROPHYLL and HEMOGLOBIN— . 
TWO NATURAL PYRROLE PIGMENTS 


EMMA M. DIETZ* 


Harvard University, Cambridge, Massachusetts 


HLOROPHYLL is the brilliant green pigment 
found in certain special cells of all green plants. 
It absorbs energy from the sun and in some un- 
known way uses it for the manufacture of sugar, 
starch, and proteins (1). This important process is 
known as photosynthesis and ultimately provides food 
for all plants and animals on the earth. Hemoglobin 
is the red pigment coloring the red blood cells of animals. 
It is necessary for the maintenance of life through res- 
piration—the process which provides a constant sup- 
ply of oxygen to the tissues. In the slow development 
of the chemistry of these two pigments, it has been an 
increasing source of wonder to chemists to find that 
two substances of such widely different origin and func- 
tion are yet so remarkably similar in structure. 

The pure pigments as isolated in the laboratory are 
very different in appearance. Chlorophyll, when sepa- 
rated from the leaf structure, is a dark green wax which 
is really not one substance but two closely related ones, 
Hemoglobin 


called chlorophyll a and 6 by Willstatter. 
is a compound molecule consisting of a colorless pro- 
tein (globin) attached to four molecules of a red-brown 


crystalline pigment called heme. In the process of 
isolation from hemoglobin, heme changes over to its 
familiar oxidation product, hemin, which is a brown- 
red crystalline compound of high melting point. When 
chlorophyll is dissolved in ether or chloroform a brilliant 
green solution results; hemin forms a red-brown solu- 
tion. When observed through a spectroscope, solu- 
tions of either pigment show the remarkable property, 
due to similar elements of structure, of absorbing sharp 
bands of visible light. There results an unusual banded 
spectrum in the visible region, which is characteristic 
for each compound and serves as a valuable means of 
identification. An important difference between the 
two pigments which is immediately apparent from a 
chemical analysis, is that chlorophyll contains mag- 
nesium, whereas hemin contains iron incorporated in 
the large organic molecule. 

The widespread distribution and importance to Iife 
of both substances early stimulated the interest of scien- 
tists. The chemistry of chlorophyll was confused for 
some time by the use of drastic methods of isolation 
which altered or destroyed the molecule and introduced 
metallic impurities. It is still a matter of concern to 
the chemist to find means of isolating this complex 


* Sarah Berliner Fellow, American Association of University 
Women, 1934-1935, at present engaged in research at the Uni- 
versity of Munich, Munich, Germany. 


material without introducing subtle changes in structure. 
Heme, the pigment now believed to be present in hemo- 
globin, was long mistaken for its close relative hemin, 
to which it is readily converted during isolation. 
There are many similar instances in the history of the 
chemistry of natural products where faulty isolation 
has obscured the true structure for years. 


RELATIONSHIP BETWEEN CHLOROPHYLL AND HEMIN 


The first suggestion of a relationship between hemin 
and chlorophyll was made as early as 1851 by Verdeil 
(2), though on the basis of invalid evidence. He un- 
wittingly introduced iron into his preparations of 
chlorophyll by employing crude methods and reagents, 
and as a result thought that it might be related to 
hemin, which was already known to contain iron. Ac- 
tually, the similarity in the two pigments is not in the 
metallic constituents but in the rest of the molecule. 
However, Verdeil’s hypothesis stimulated research on 
the problem for years and culminated in the series of 
brilliant investigations by Hans Fischer for which he 
was awarded the Nobel Prize in 1930 (3). He and 
his co-workers finally established the correct structure 
of natural hemin and heme by synthesis, and showed 
their true relationship to chlorophyll. Research on 
the plant pigment benefited enormously by these re- 
sults, but its structure is not yet absolutely clear and its 
complete synthesis has not been accomplished. In the 
present discussion of the subject it has been found con- 
venient to follow the historical development, and to 
consider first the structure of hemin and its relation- 
ship to chlorophyll, before presenting the detailed 
structure of the latter. 

The first real evidence of the connection between 
chlorophyll and hemin was the formation of very similar 
red, crystalline compounds called porphyrins, from both 
blood and plant pigments. These were first obtained 
by Hoppe-Seyler (4) in 1879, later by Schunck and 
Marchlewski (5) by drastic chemical treatment of the 
two pigments. These porphyrins formed bright red 
solutions in ether with striking four-banded absorption 
spectra in the visible region, and they were actually 
close chemical relatives though not identical as at first 
supposed. 

In 1901, Nencki (6) reduced both hemin and a crude 
preparation of chlorophyll to mixtures of volatile bases 
called pyrroles (see I), thus showing for the first time that 
pyrrole nuclei were involved in the structure of both 
pigments. Willstatter (7) later identified the same 
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I. ReEpucTION PrRopuctTs OF CHLOROPHYLL AND HEMIN 


pyrrole fragments from both chlorophyll and hemo- 
globin, thus proving a very close relationship. Kiister 
(8) studied the products of drastic oxidation (II) as 
well as reduction and proposed in 1910 the correct 
general formula for the nucleus common to the por- 
phyrin, hemin, and chlorophyll molecules. It was not 
until twenty years later, however, that the Kiister 
formula was completely justified by the synthetic re- 
sults of Fischer. 


THE FORMULA OF HEMIN 


A detailed examination of the hemin formula will 
bring out several features, shared by chlorophyll as 
well. It contains four pyrrole, or modified pyrrole nuclei 
bound into a large symmetrical ring structure by four 
carbon atoms. For purposes of nomenclature, the 
unsubstituted molecule is called a porphin ring. In 
hemin there is an unbroken alternation of single and 
double bonds such as is assumed for all porphyrins, 
and is found on a smaller scale in benzene. As in ben- 
zene, the exact location of each bond is not determined 
and various arrangements are possible. The evidence 
of years indicates that most compounds exist in only 
one of the possible electromeric forms, and it remains 
for physico-chemical methods, such as electrometric 
titration [as applied by Conant to some chlorophyll 
derivatives (9)] to determine which form is present. 
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Only one possible electromeric structure of each com- 
pound is shown here for convenience. 

In hemin (Formula III; X = FeCl++) two hydrogen 
atoms of the parent porphyrin, protoporphyrin (For- 
mula IV; X = —CH=CH)), have been replaced by an 
FeCl+*+ grouping which is doubtless coérdinately bound 
to all four nitrogen atoms. In heme (Formula III; 


tne: Gites Caemmanieens 
O=C C=0 
Nua 
H 


Hematinic Acid 


H;CC——CC.H; 


ind C=O 
Or 
H 
Methyl Ethyl Maleic Imide 


II. OXIDATION PRODUCTS OF CHLOROPHYLL AND HEMIN 


X = Fett) the iron is in the reduced form, without 
the halogen atom. The interconversion between proto- 
porphyrin and its two iron derivatives is readily ac- 
complished in the laboratory. On drastic reduction of 
hemin and heme the metal drops out and the porphin 
ring breaks on either side of the bridge carbon atoms, 
forming the pyrroles shown in I; oxidation removes the 
bridge carbon atoms completely, forming hematinic 
acid (see II) as stated above. 

It might be mentioned here that hemin and heme are 
class names applied to FeCl+*+ and Fe*+*+ complexes of 
all porphyrins, but have been adopted as the specific 
names for the blood pigment derivatives, more cor- 
rectly called protohemin and protoheme. Further, the 
use of non-systematic names, wherever possible in this 
field, is preferable to the very lengthy Geneva nomen- 
clature, though somewhat confusing at first. These 
incidental names are usually derived from Greek stems 
denoting color, 7. e., chlorophyll = green leaf, porphyrin 
= purple. 


BLOOD AND CHLOROPHYLL PORPHYRINS 


The correctness of these structures for protopor- 
phyrin and its iron derivatives was proved through 
the isolation and identification of their degradation 
products and finally through the synthesis of the whole 
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series of blood porphyrins by Fischer. In protopor- 
phyrin, as in hemin, there arefour methyl groups (—CHs) 
at positions 1, 3, 5, and 8; two vinyl groups (-~CH=- 
CH:) at 2 and 4; and two propionic acid groups (—CH:- 
CH:,COOH) at 6 and 7, all substituting beta positions of 
the pyrrole rings. Mesoporphyrin results from the addi- 
tion of two hydrogen atoms to each of the two vinyl 
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V. RELATIONSHIP BETWEEN BLOOD AND CHLOROPHYLL PORPHYRINS 


groups forming ethyl groups (—C;Hs), (Formula VII, 
X = CH.CH.COOH). tioporphyrin (more accu- 
rately called meso-etioporphyrin) is the oxygen-free 
and completely alkylated compound in which even the 
two propionic acid groups of proto- and mesoporphy- 
rins have been converted to ethyl groups by loss of 
carbon dioxide (Formula VI; X = C.Hs). Meso- 
etioporphyrin consists therefore of a porphin ring sub- 
stituted by four ethyl and four methyl groups and is 
a very stable compound of high melting point. These 
relationships are summarized above (V). It is evident 
from the formula that four isomers of this etiopor- 
phyrin are possible, depending on the order of the alkyl 
groups around the porphin ring. The extioporphyrins 
are of great interest since they represent the final stage 
in the drastic alkaline degradation of chlorophyll as 
well as of hemin. , 
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Chlorophyll is not truly a porphyrin derivative like 
hemin but it is nevertheless capable of yielding a series 
of porphyrins when treated with suitable reagents. 
Thus on drastic alkali treatment one obtains a dibasic 
acid, rhodoporphyrin (Formula VII; X = COOH), and 
from this by loss of carbon dioxide a monobasic acid, 
pytroporphyrin (Formula VII; X = H). It will be 
noted that mesoporphyrin is really pyrroporphyrin 
with a propionic acid group replacing the hydrogen 
atom at position 6. Further removal of carbon dioxide 
from pyrroporphyrin forms the oxygen-free, completely 
alkylated porphyrin derivative, pyrro-etioporphyrin— 
the zxtioporphyrin of the chlorophyll series. (For- 
mula VI; X = H.) 


Willstatter prepared the etioporphyrins from both 
hemin and chlorophyll (10) and believed them to be 
identical. Actually, meso-etioporphyrin, the etio- 
porphyrin of blood, contains an ethyl group at position 6 
in place of a free hydrogen atom of the chlorophyll 
derivative, but the rest of the groups are identical and 
in the same order. Therefore meso-etioporphyrin is 
really 6-ethyl-pyrro-etioporphyrin, and both chloro- 
phyll and hemin may thus be regarded as related to 
a common porphyrin. 


PORPHYRIN SYNTHESIS 


The complete demonstration of this relationship and 
the elucidation of the structures of the individual blood 
and chlorophyll porphyrins did not occur until after 
Fischer’s enormous development of synthetic pyrrole 
and porphyrin chemistry extending over fifteen years. 
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He not only found methods for synthesizing the natural 
pytrole degradation products of the porphyrins but also 
learned how to join these into so-called dipyrryl meth- 
enes of known structures and finally to couple suitable 
pairs of these methenes to form porphyrins, whose 
structures would therefore also be known. VIII shows 
how two different pairs of methenes were combined to 
form the same porphyrin (11). The fact that both 
syntheses yielded a porphyrin with the same spectrum 
and melting point showed that no rearrangement had 
taken place and made the assigned structure more 
credible. 

This last step in the synthesis of porphyrins is a 
pyrolysis carried out in an organic acid melt, in which 
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carbon dioxide, halogen acid, hydrogen, and free halogen 
may be lost as in this instance. The method is rather 
laborious as the yields are usually low and isomeric 
porphyrins almost always result. It may be claimed 
that such syntheses are too complicated in mechanism 
to afford an absolute proof of structure, but the consis- 
tency of the cumulated data lends weight to the method 
and certainly makes it valid as confirmatory to the 
evidence from degradation reactions. 
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group, obtaining a product identical with mesopor- 
phyrin from hemin. The reverse transformation of 
meso- to pyrroporphyrin has also been accomplished 
(16), though in a more complicated series of steps. 
Such interconversions afford final proof that the 
nucleus and order of substituent groups in chlorophyll 
and hemin are the same and perhaps make a transition 
between the two pigments in the animal body more 
probable. As will appear later, however, the pigments 
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VIII. Two SYNTHESES OF A PORPHYRIN FROM METHENES 


By similar synthetic methods Fischer has success- 
fully prepared several blood and chlorophyll porphyrins, 
thus establishing beyond a doubt the Kiister ring for- 
mula for the nuclei of both pigments and thefundamental 
relationship between them. For example, he synthe- 
sized twelve of the fifteen possible isomers of meso- 
porphyrin and proved that one of these, called meso- 
porphyrin IX (11), is identical with the natural prod- 
uct as judged by mixed melting-points and absorp- 
tion spectra. He also prepared the four possible meso- 
ztioporphyrins (Formula VI; X = C;Hs) and identi- 
fied that obtained from hemin as etioporphyrin III 
(12). In the chlorophyll series, furthermore, he suc- 
ceeded in preparing natural pyrro- and. rhodoporphy- 
rins (Formula VII) by the use of similar synthetic meth- 
ods (13). 

The synthesis of hemin itself was accomplished in a 
number of steps starting with deuteroporphyrin (14) 
(Formula IV, X = H) which was prepared from meth- 
enes by a method similar to that shown in VIII, but 
which also occurs in nature as a putrefaction product of 
blood. Two acetyl groups were introduced into deu- 
teroporphyrin, these were reduced to —CHOHCHs 
groups and then dehydrated, the product being proto- 
porphyrin (Formula IV, X = —CH=CHz2), which 
was readily converted into its FeCl+* complex, hemin. 

Up to this point the proof that both chlorophyll and 
blood porphyrins are built on the same structural plan, 
with the same order of substituents on the porphin 
ring, rested on independent syntheses in each series. 
The final step consisted in attempting a transition be- 
tween the two series without possibility of rearrange- 
ment. This was also achieved by Fischer in the inter- 
conversion of pyrro- and mesoporphyrins. Thus 
Fischer and Riedl (15) succeeded in replacing the free 
beta position in pyrroporphyrin by a propionic acid 


themselves are far less closely related than these two 
porphyrins and thus far the nature of their degrada- 
tion products in the animal body and in the laboratory 
does not support such a possibility. 


WILLSTATTER’S INVESTIGATIONS ON CHLOROPHYLL 


Our knowledge of the exact chemistry of chlorophyll 
is due largely to the remarkable researches of Will- 
statter and his co-workers (17), notably Stoll, from 1906 
to 1914. They developed methods of isolation and 
purification and studied a number of degradation prod- 
ucts, but the formulas which they suggested were 
subsequently proved to be somewhat incorrect. Re- 
search on the subject was taken up from this point in 
about 1927 by Fischer and by Conant, and has con- 
cerned itself mainly with the proof of the Kiister struc- 
ture for the nucleus, with the study of the many deg- 
radation products, and with the identification of cer- 
tain very labile groupings in chlorophyll and its im- 
mediate derivatives. 

To Willstaétter we are indebted for a mild isolation 
procedure permitting extraction of the unaltered pig- 
ment from the plant, and for the invaluable method 
of separation and purification of reaction products by 
acid fractionation. This process makes use of the 
varying basicity of chlorophyll derivatives which en- 
ables them to be extracted separately from a mixture 
in ether solution, by agitation with hydrochloric acid 
of suitable concentrations. Willstatter further showed 
that there are two chlorophylls in nature, which he called 
a and 0, with the nearly constant ratio of 2.9 to 1 in the 
higher plant forms, but with chlorophyll } apparently 
absent in certain alge. He determined the correct 
analytical formula of chlorophyll a (CssH22N,OsMg) 
and noted that the two chlorophylls differed by a single 
oxygen atom. He proved the presence of magnesium 
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and correctly characterized the two ester groups as 
being formed from methyl] alcohol and phytol (CopH»- 
OH). The latter was a new alcohol with a long straight 
carbon chain whose structure was established in 1929 
through a brilliant synthesis by Gottwalt Fischer (18). 

Chlorophyll is readily obtained in crude form by 
extraction of green leaves with aqueous acetone. Will- 
statter accomplished the separation into a and b com- 
ponents by distribution between methyl alcohol and 
petroleum ether. A better method is that of chromato- 
graphic adsorption on powdered sugar according to the 
directions of Winterstein and Stein (19) who thus ob- 
tained very pure samples. This adsorption method 
has recently found considerable application in the 
separation of closely related natural products. Freshly 
isolated chlorophyll a and b were found by Stoll to be 
slightly optically active (20). Conant and Dietz (21) 
and Zschiele (22) have reported indications of a third 
form of chlorophyll. Winterstein and Schén (19d) 
failed to find a chlorophyll c in carefully controlled 
adsorption experiments. 

In alcohol solution and in the presence of the plant 
enzyme, chlorophyllase, the phytyl group of chloro- 
phyll is replaced by a methyl or ethyl group to form 
crystalline derivatives called chlorophyllides. Mild 
acid treatment of chlorophyll acts only to remove the 
magnesium atom, forming pheophytin, a dark, waxy 
solid which finds commercial use in the form of its 
stable and brilliantly colored copper salt, a non-poison- 
ous green coloring material. More drastic acid treat- 
ment of chlorophyll a (with concentrated hydrochloric 
acid) hydrolyzes the phytyl group and removes the 
metal as well, forming crystalline pheophorbide a, a 
monomethyl ester. This is easily esterified to a di- 
methyl ester, methyl phzophorbide a. The accom- 
panying diagram (IX) shows these transformations 
with the accepted compositions of the various products. 
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Concentrated alkali brings about a more fundamental 
change in chlorophyll and in the phzophorbides, de- 
veloping a third acid group, the product being the tri- 
basic acid chlorin e from the a component and rhodin g 
from the b component; both acids form trimethy] esters. 
Here, as in the case of the blood pigment, the nomen- 
clature is non-systematic and the class names such as 
chlorin, pheophorbide, and porphyrin are assigned on 
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the basis of color and characteristic absorption spectra 
More drastic alkali treatment of chlorophyll or any 
of the above-mentioned degradation products, removes 
various groups leaving the simple dibasic and mono- 
basic acids, rhodo-, pyrro-, and phyllo- (y-methyl 
pyrro-) porphyrins, all of which have been synthesized 
by Fischer as described above. 


THE STRUCTURE OF CHLOROPHYLL A 


We are now ready to examine the formula of chloro- 
phyll in some detail. During the last few years three 
somewhat different formulas have been proposed by 
Fischer (23), Conant (21), and Stoll (24) on the basis 
of results obtained in their respective laboratories. 
These are shown in formulas X, XI, and XII. (The 
Fischer structure has undergone numerous revisions, 
the latest being shown here.) At the present time the 
Fischer formula seems to be the best representation of 
the existing data, although some points are not yet 
clear. All three structures are more fully discussed in 
the excellent reviews of Fischer (25) and Stoll (26), 
and in a very complete account by Armstrong (27), 
which summarize the vast body of accumulated facts 
up to July, 1933. 
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The three formulas are, of course, similar in "gross 
structure since they involve a common interpretation 
of the data given above. Thus all contain five oxygen 
atoms, in accordance with the recent analyses of very 
pure samples of chlorophyll a and pheophorbide a by 
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XII. 


Stoll (28). All contain esterified carboxyl and pro- 
pionic acid groups as described by Willstatter, thus ac- 
counting for four of the oxygen atoms. The nature of 
the group containing the fifth oxygen atom has been 
much harder to ascertain. The position of the phytyl 
group was first correctly placed by Conant (29) and 
later substantiated by Fischer on the basis of indepen- 
dent evidence. 

The controversial groups in chlorophyll are those on 
the gamma bridge carbon atom and position 6 of the 
pytrole ring adjoining. The Fischer and Stoll formu- 
las have a carbon bridge attached at these positions. 
In the Conant formula the distinguishing feature is a 
lactam bridge between position 6 and a pyrrole nitro- 
gen atom. 

The carbocyclic ring postulated by Fischer is really a 
beta-ketonic acid grouping such as is present in substi- 
tuted acetoacetic ester al A all aa In 
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such a structure a hydrogen atom would be capable of 
migrating to form an enol modification (R—C= 
l 


HO 
C—COCH;) and characteristic changes would take 
| I 


3-@ 

place in the presence of acid and alkali. All of these 
qualifications are fulfilled by chlorophyll or the phzo- 
phorbides, which contain the same grouping. Thus 
Stoll prepared a benzoyl derivative of methyl phzo- 
phorbide a (30), showing the presence of an hydroxyl 
group. Later Fischer discovered the conditions neces- 
sary for oxime formation (31) after fruitless attempts 
by several investigators. This evidence indicates that 
the fifth oxygen atom can function as part of either an 
hydroxyl or a carbonyl group. The starting material 
was recovered unchanged from both derivatives by 
hydrolysis. It was this evidence for a carbonyl group 
which, in 1934, seemed to rule out the Conant and Stoll 
formulas, since neither as such contains a group capable 
of forming an oxime. 

Alkali hydrolyzes the ester groups and splits the 
carbocyclic ring of chlorophyll forming the tribasic acid 
chlorin e (Formula XIII). Strong acid retains the 
ring structure, although hydrolyzing the ester groups 
and removing carbon dioxide from the free bridge car- 
boxyl group, forming phylloerythrin (Formula XIV). 
These reactions of chlorophyll in acid and alkali are 
also characteristic of beta-keto esters and therefore 
support the Fischer formula. 

Phylloerythrin was first isolated by Marchlewski 
(32) and has since been found frequently as a degrada- 
tion product of chlorophyll in the animal body (33). 
Fischer early suspected a close relationship between the 
two, and after proving that phylloerythrin contains a 
carbocyclic ring was led to postulate a similar ring in 
chlorophyll. The structure of phylloerythrin was 
thoroughly established by the synthesis from meth- 
enes of its reduction product, desoxyphylloerythrin 
(34), and by its alkaline degradation to phyllo-, pyrro-, 
and rhodoporphyrins. The same carbon ring is also 
definitely present in pheoporphyrin a; (35), a porphy- 
rin isomeric with pheophorbide a and produced by 
very mild hydrogen iodide treatment of chlorophyll 
or pheophorbide. 
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It will be noted that there is an ethylidene grouping 
(=CHCHs) in Fischer’s formula for chlorophyll a 
which does not appear in any of the others. This was 
recently postulated as the result of newly discovered 
evidence and is thought to be present in all derivatives 
of chlorophyll except porphyrins, which have an ethyl 
group in its place. This newly detected group appears 
to take up two atoms of hydrogen, and with hydriodic 
acid to be oxidized to an acetyl group, which can be 
split off, leaving a free hydrogen atom. Two com- 
pounds resulting from such degradatior reactions have 
been synthesized and the position of this group may be 
regarded as established although its exact nature is not 
quite so certain. 

One very important reaction of chlorophyll which 
also centers in the disputed carbocyclic ring is called 
allomerization and was discovered by Willstatter and 
Utzinger (36). This is a subtle change taking place 
in alcohol solution, whereby the ability of the pigment 
to show a certain Molisch color reaction is lost, but 
no change in color or spectrum is observed. Conant 
made the valuable discovery that allomerization is a 
dehydrogenation reaction (37) involving two chemical 
equivalents, in which either oxygen or potassium molyb- 
dicyanide can serve as agents. He also found that al- 
lomerized chlorophyll differs in behavior on alkali treat- 
ment from the unallomerized material. Thus he dem- 
onstrated the formation of a ketonic acid (—CO- 
COOH), pheopurpurin 7, from allomerized chlorophyll 
(38), while unaltered chlorophyll yields an hydroxy 
acid (—CHOHCOOH), chlorin e hydrate, which de- 
hydrates on isolation (39). Conant therefore postu- 
lated an easily formed hydrate of chlorophyll (see 
Formula XII), with a secondary alcohol group capable 
of being dehydrogenated to a carbonyl group, as the 
seat of allomerization. The proof of a similar dehydro- 
genation of a —-CHOH group in chlorin e hydrate 
seemed to lend weight to this hypothesis. Stoll later 
incorporated Conant’s interpretation of allomeriza- 
tion into his formula, but dropped the idea when Fischer 
demonstrated the presence of a carbonyl group in un- 
altered chlorophyll. 

Fischer, on the basis of allomerization experiments 
with quinone in alcohol (40), assumes that the dehydro- 
genation takes place between the gamma and 10 posi- 
tions, forming a double bond, and that the molecule 
may then add water or alcohol to the carbon atoms at 
positions 6 and 10 (1,4 addition) as is shown below. 
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Thus according to Conant the addition of water must 
precede dehydrogenation, while according to Fischer 
water cannot add until dehydrogenation has taken 
place. Careful analysis of purer samples of allomerized 
products and a further study of the properties of Fisch- 
er’s 10-hydroxy methyl phzophorbide a might help 
to clear up this difficulty. This compound on Conant’s 
formulation would be a hydrate of the unallomerized 
material. Against this view is the fact that the com- 
pound is always prepared in allomerizing media, and 
also that it no longer forms chlorin e on alkali treat- 
ment, a criterion for unallomerized material. 

Conant and Fischer have postulated different chlorin e 
formulas consistent with the formation of chlorin e 
with alkali, or its ester with diazomethane, from their 
respective structures for phzeophorbide a. The be- 
havior of chlorin e hydrate as an alpha-hydroxy acid 
in the presence of suitable oxidizing agents finds no 
explanation in Fischer’s formula, which is saturated 
and cannot form a hydrate. This casts some doubt 
not only on his formula for chlorin e but also for phzo- 
phorbide from which it is derived. 

Aside from the determination of the nature and loca- 
tion of substituent groups on the chlorophyll skeleton, 
there remain problems in connection with the fine 
structure of the nucleus which will doubtless require 
new methods of attack. Conant and Kamerling com- 
pared the absorption spectra of chlorins and porphyrins 
at liquid air temperatures (41), and found the difference 
similar to that between benzene and dihydrobenzene 
under the same conditions. They suggested, therefore, 
that there is a completely conjugated system of double 
bonds in the porphyrins which is broken in the chlorins 
by partial hydrogenation. Conant has shown further 
that chlorophyll can be converted into a simply consti- 
tuted chlorin, chlorin f, by transformations which do 
not affect the nucleus; and that chlorin f is a dihydro 
derivative of a porphyrin, isorhodoporphyrin (42), 
an isomer of rhodoporphyrin (43). This evidence indi- 
cates that chlorophyll has the nucleus of a chlorin 
(or dihydro-porphyrin). Fischer accepts the assign- 
ment of additional hydrogen atoms to the inner por- 
phin ring of the chlorins and chlorophyll but, since he 
postulates a free ethylidene group on one pyrrole ring, 
the total hydrogen content of both chlorins and por- 
phyrins is kept the same. This assumption is based on 
catalytic hydrogenation data indicating that they are 
isomeric (44). Thus conflicting chemical evidence has 


Oo 
| O 
| OH 





~ 


»f/~0—-COOCHs C10—COOCHs 
| 














—2H 
a 
allomerization 


\n7 \n 
H 


| 


| 





+H;0 
—> 











XV. FISCHER’S INTERPRETATION OF ALLOMERIZATION 





May, 1935 


led to a difference of opinion as to the state of oxidation 
of the chlorophyll nucleus. Conant believes the chloro- 


phyll skeleton to be that of a dihydro-porphyrin, 
Fischer thinks it is that of an isomerized porphyrin. 

A further application of physico-chemical methods 
to the determination of nuclear structure is the electro- 
metric titration by Conant of the individual basic 
pyrrole groups in various chlorophyll derivatives in 
glacial acetic acid solution (9). 


CHLOROPHYLL B 


Chlorophyll 5, as Willstatter’s analytical results 
showed, differs from the a component by only one oxy- 
gen atom. Conant (45) [and later also Warburg 
(46)] obtained carbonyl derivatives of compounds of 
the b series and so placed this oxygen atom in a carbonyl 
group (capable of enolization) on one of the bridge 
carbon atoms of his structure for chlorophyll a. . He 
assigned it to a position on the nucleus in order to ac- 
count for its enormous effect on the absorption spec- 
trum. Fischer first placed this group in the beta posi- 
tion of the propionic acid residue (47), but has recently 
moved it to a formyl group in position 3 of pyrrole ring 
II in his formula for chlorophyll a (48). 

Besides the carbonyl group characteristic of this 
series, chlorophyll b seems to contain the same carbo- 
cyclic ring as the @ compound. Thus Stoll isolated a 
dioxime of methyl pheophorbide } (49) and Fischer 
has prepared a number of porphyrins paralleling the 
phzo- and chloroporphyrins of the a series (50). The 
greater scarcity of chlorophyll 5 and the greater diffi- 
culty of purification of its derivatives have delayed 
progress in this series and its formula is less certain 
than that of the a derivative. There is no evidence of 
the interconversion of the two series in the plant nor 
is there any explanation of their very constant ratio 
as observed by Willstatter. 

We are now in a better position to compare the de- 
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tailed structures of chlorophyll and of hemin from the 
point of view of their interconversion in the animal 
body. As explained above, chlorophyll has either a 
dihydro- or an iso-porphyrin ring rather than a por- 
phyrin ring, and its substituent groups correspond more 
closely to mesoporphyrin than they do to hemin. 
Therefore, no simple theoretical transformation can 
be postulated. This, however, does not exclude the 
biological possibility, although the degradation prod- 
ucts of chlorophyll thus far found in the human and 
animal body are not suggestive of a direct transforma- 
tion. Nevertheless, many investigators have claimed 
to find a positive reaction of chlorophyll in anemia pre- 
vention and therapy in animals. The common type 
of pernicious anemia is believed to be due not to lack 
of red pigment but to other factors necessary for the 
origination of red blood cells in the bone marrow. 
Hence chlorophyll feeding might not be expected to 
help. Perhaps a more significant experiment is that 
of Patek and Minot (51) who investigated human pa- 
tients with a rarer type of anemia caused by pigment 
scarcity and observed a small positive increase in 
hemoglobin concentration on intravenous injection of 
a chlorophyll derivative (chlorin e). The very small 
effect makes it probable that under the conditions of 
the experiment, chlorophyll and its derivatives merely 
break into simple pyrrole fragments in the body which 
are then available for recombination to hemin, but 
that the conversion is not very efficient. 

The tetrapyrryl ring structure not only plays an 
:mportant réle in the photosynthesis of plants and in 
the respiration of animals, but has recently been de- 
tected in such powerful body catalysts as catalase 
(52) and peroxidase (53) and in the cytochrome ¢ of 
yeast (54). Traces of porphyrins are found very wide- 
spread in nature but usually without any obvious bio- 
logical function. Future research will undoubtedly 
uncover further examples of the intervention of this 
type of molecule in important natural processes. 


LITERATURE CITED 


(1) Recent developments on the nature of photosynthesis and 
the réle bag by chlorophyll are summarized in a review 
by H. A. Spoehr: ‘The chemical aspects of photosyn- 
thesis,” Stanford University Annual Review of Biochem- 
istry, 2, 453 (1933). 

(2) VERDEIL, Compt. rend., 33, 689 (1851). 

(3) FIscHER, Nobelvortrag Stockholm 1931; Z. angew. Chemie, 
44, 617 (1931). 

(4) Hoppg-Sryier, “Uber das Chlorophyll der Pflanzen,” Z. 
physiol. Chem., 3, 339 (1879); 4, 193 (1880). 

(5) ScuuncK, Proc. Roy. Soc., > 302 (1891); ScHuUNCK UND 
MARCHLEWSEI, ibid., 57, 314 (1895); “Zur Chemie des 
Chlorophylls,”’ Ann., 284, 81 (1894). 

(6) NENCKI UND ZALESKI, “Uber die Reduktionsprodukte des 
Hamins und tiber die Konstitution des Hamins und seiner 
Derivate,’”’ Ber., 34, 997 (1901). 

(7) WILLSTATTER UND ASCHINA, “Oxydation der Chlorophyll 
Derivate,” Ann., ig 227 (1910); “Uber die Reduk- 
tion des Chlorophylls, I ,” thid., 385, 188 (1911). 

(8) Kuster, “Beitrage zur Kenntnis des Bilirubins und Ham- 
ins,” Z. physiol. Chem., 82, 463 (1912). 

(9) Conant, CHow, AND Dietz, ‘ ‘Chlorophyll series XIV. Po- 
tentiometric titration in acetic acid solution of the basic 
groups in chlorophyll derivatives,” J. Am. Chem. Soc., 56, 
2185 (1934). 


(10) WILLSTATTER UND FISCHER, “Die Stammsubstanzen der 
Phylline und Porphyrine,’”’ Ann., 400, 182 (1913). 

(11) FiscHER UND STANGLER, “Synthese des Mesoporphyrins, 
Mesohamins, und iiber die Konstitution de Hamins,” 
ibid., 459, 53 (1927). 

(12) FISCHER UND Treiss, “Uber Atioporphyrine aus Blatt- 
und Blutfarbstoffporphyrine,” tbid., 466, 188 (1928). 

(13) FiscHER, BERG, UND SCHORMULLER, “Synthesen der Chloro- 
phyllporphyrine Rhodo- und Pyrroporphyrin, sowie des 
Pyrroatioporphyrins,’’ ib¢d., 480, 109 (1930). 

(14) FiscHER UND KirsTAHLER, “Synthese des Deuterohdimins 
und Deuteroporphyrins,” ibid., 466, 178 (1928). 

(15) FiscHeR uNp Rept, “Uberfiihrung von Chlorophyll-pyrro- 

porphyrin in Mesoporphyrin aus Hamin,” sbid., 486, 
178 (1931). 
(16) FiscHER UND EBERSGERBER, “Uber Mesorhodin as seinen 
bergang zu Chlorophyll-porphyrinen, sowie Oxydation 
des Phylloerythrins,” ibid., 509, 19 (1934). 

(17) WILLSTATTER UND STOLL, “Untersuchungen iiber Chloro- 
phyll,” Julius Springer, Berlin, 1913. Translated by 
Scherz and Mertz, Science Publishing Co., 1928. The origi- 
nal papers occur in issues of the Anmnalen from 1906 to 1914. 

(18) Fiscuer, F. G., ‘Die Konstitution des Phytols,’”’ Ann., 464, 
69 (1928); FISCHER, F. G. unp LOWENBERG, “Die Synthese 
des Phytols,” zbid., 475, 183 (1929). 





216 


(19) WINTERSTEIN UND STEIN, “Fraktionierung und Reindar- 
stellung organischer Substanzen nach dem Prinzip der 
chromatographischen Adsorptionsanalyse. (a) II. Mit- 
teilung: Chlorophyll,” Z. physiol. Chem., 220, 263 (1933); 
(6) WINTERSTEIN UND SCHON, ibid., 230, 139 (1934). 

(20) SroLLt AND WIEDEMANN, “Die optische Aktivitat des Chloro- 
phylls,” Helv. Chim. Acta, 16, 307 (1933). 

(21) Conant AND Dretz, “Chlorophyll studies. XI. The 
position of the methoxyl group,” J. Am. Chem. Soc., 55, 
829 (1933). 

(22) ZscurELz, ‘“‘An improved method of purification of chloro- 
phyll a and b, quantitative measurement of their absorp- 
tion spectra; proof for the presence of a third chloro- 
phyll component,’’ Bot. Gaz., 95, 529 (1934). 

(23) FiscuHer first published a carbocyclic ring structure for 
chlorophyll in 1931. ‘‘Zur Struktur des Chlorophyll a,” 
Ann., 486, 130 (1931). The revised formula shown is 
published in Ann., 513, 107 (1934), ‘“Neute Erkenntnisse 
in der Feinstruktur des Chlorophylls a.” 

(24) STOLL UND WIEDEMANN, “‘Der Reaktionsverlauf der Phasen- 
probe und die Konstitutione von Chlorophyll a und 6,” 
Naturwissenschaften, 20, 706 (1933). 

(25) Fiscuer, ‘Uber Chlorophyll a,’’ Ann., 502, 175 (1933); 
Pedler Lecture, J. Chem. Soc., February, 1933. See also 
TREIBS, Z. angew. Chem., 47, 294 (1934). 

(26) SroLt uND WIEDEMANN, “Die Zusammensetzung des 
Chlorophylls,” Helv. Chim. Acta, 16, 183 (1933). 

(27) ARMSTRONG, ‘“‘The constitution of chlorophyll,” Chemistry 
& Industry, 52, 809 (1933). 

(28) SroLL UND WIEDEMANN, “Uber Chlorophyll a, seine phase- 
positiven Derivate und seine Allomerisation,’’ Helv. 
Chim. Acta, 16, 739 (1933); also reference (24) above. 

(29) Conant, Dietz, BAILEY, AND KAMERLING, “Chlorophyll 
series V. The structure of chlorophyll a,’”’ J. Am. Chem. 
Soc., 53, 2384 (1931). 

(30) SroLL UND WIEDEMANN, “Die Benzoylverbindungen und 
Oxime von Methyl Phzophorbide a,” Helv. Chim. Acta, 
17, 163 (1984). % 

(31) FiscHerR, RIEDMAIR, UND HASENKAmpP, “Uber Oxyporphy- 
rine. Ein Beitrag zur Kenntnis der Feinstruktur von 
Chlorophyll a,” Ann., 508, 224 (1934). iu 

(32) Marcuiewsk1, Z. physiol. Chem., 42, 464 (1904); ‘Uber 
den Ursprung des Cholehamitins,” ibid., 45, 466 (1905); 
“Chemie der Chlorophyll,” Braunschweig, Vieweg, 1909. 

(33) LosiscH UND FISCHLER, ‘‘Uber einen neuen Farbstoff der 
Rindergallen,”’ Monats., 24,335 (1903); RoTHEMUND AND 
INMAN, “Decomposition of chlorophyll in the digestive 
system of the cow,” J. Am. Chem. Soc., 54, 4702 (1932). 

(34) FiscHzER uND Hess, “‘Vorkommen von Phylloerythrin in 
Rindergallenstein,” Z. physiol. Chem., 187, 133 (1930); 
FISCHER, MOLDENHAUER, UND Sws, ‘‘Uber Phyllo- und 
Pseudophylloerythrin,” Ann., 485, 1 (1931); FiscHER 
UND RrEepMarR, “Synthese des Desoxo-phylloerythrins 
as  Nieaainal des Chlorophylls,” zbid., 490, 91 

1931). 

(35) FiscHER UND BAUMLER, ‘‘Uber Pheo- und Phylloerythro- 
porphyrine,” ibid., 474, 65 (1929); ‘‘Uber Pheoporphy- 
rine,” tbid., 480, 197 (1930). 


JOURNAL OF CHEMICAL EDUCATION 


(36) WILLSTATTER UND UTzincER, “Uber die ersten Umwand- 
lungen des Chlorophylls,” Ann., 382, 129 (1911). 

(37) Conant, KAMERLING, AND STEELE, “The allomerization 
of chlorophyll,” J. Am. Chem. Soc., 53, 3171 (1981); 
also reference (27); STEELE, ‘Chlorophyll series VI. 
The mechanism of the phase test,’’ zbid., 53, 3171 (1931). 

(38) Conant, HypE, Moyer, AND Dietz, ‘Chlorophyll series. 
IV,” zbid., 53, 359 (1931); Dietz anv Ross, ‘‘Chloro- 
phyll series. XII. The pheopurpurins,” ibid., 56, 159 


(1934). 

(39) Conant AND ARMsTRONG, “Chlorophyll series. X. The 
esters of chlorin e,” bid., 55, 829 (1933). 

(40) FiscHEer, FILSER, UND PL6tz, “Uber Pheoporphyrin ag, 
die Allomerization des Chlorophylls, sowie iiber eine neue 
Methode der Einfiihrung von Magnesium in Chlorophyll 
Derivate,” Ann., 495 (1932). 

(41) ConANT AND KAMERLING, “Chlorophyll series VII. Evi- 
dence as to structure from measurement of absorption 
spectrum,” J. Am. Chem. Soc., 53, 3522 (1931). 

(42) Conant AND Barrey, “Chlorophyll series. IX. Trans- 
formations establishing the nature of the nucleus,’” 
thid., 55, 795 (1938). 

(43) Dietz AND WERNER, “Chlorophyll series. XIII. Nuclear 
isomerism of the porphyrins,”’ zbid., 56, 2180 (1934). 

(44) FiscHER UND Lakatos, “Katalytische Hydrierung in der 
Chlorophyll Reihe,” Ann., 506, 123 (1933); FiscHEr,. 
LAKATOS, UND SCHNELL, tbid., 509, 201 (1934); FisHER 
UND SPIELBERGER, “Teilsynthese von Athyl Chloro- 
phyllide 5, sowie iiber 10-Athoxy Methyl Pheophorbide- 
b,” thid., 515, 130 (19385). 

(45) Conant, Dietz, AND WERNER, “Chlorophyll studies. VIII. 
The structure of chlorophyll },” J. Am. Chem. Soc., 53, 
4436 (1981). 

(46) Warpurc, “Uber Pheophytin b,” Biochem. Z., 235, 240: 
(1981); «bid., 244, 9 (1982). i“ 

(47) FiscHER, BroicH, BREITNER, UND NUssteEr, ‘Uber Chloro- 
phyll } (I),” Ann. 498, 228 (1932); FiscHER, BREITNER, 
HENDSCHEL, UND NUsSLER, “Uber Chlorophyll 5 (II), 
thid., 503, 1 (1933). z 

(48) FISCHER UND BREITNER, ‘Uber Chlorophyll 6,” zbid., 511, 
183 (1934); zbid., 516, 61 (1935). 

(49) Stott UND WIEDEMANN, “Die Oxime der Pheophorbide 
b,” Helv. Chim. Acta, 17, 456 (1934). 

(50) FiscHerR, HENDSCHEL, UND NUssiEr, ‘‘Nachweis des iso- 
cyclisches Ring in Chlorophyll },”” Ann., 506, 83 (1933). 

(51) PATEK AND Minor, “Bile pigment and hemoglobin re- 
generation. The effect of bile pigment in cases of chronic 
hyperchromic anemia,” Am. J. Med. Sci., 188, 206-15 
(Aug., 1934). = 

(52) ZEILE UND HELLsTRoM, “Uber die aktive Gruppe der Leber 
Katalase,” Z. physiol. Chem., 192, 171 (1930). 

(53) Kunn, Hann, UND FLorKIN, “Uber die Natur der Peroxy- 
dase,”’ zbid., 201, 255 (1931). 

(54) Hii anp Kern, Proc. Roy. Soc. (London), B107, 286. 
(1930); ZEILE UND REUTER, “Uber Cytochrome ¢,” Z.. 
physiol. Chem., 221, 101 (1938). 





INEXPENSIVE MICRO-BURNER 


V. T. JACKSON 
University of Florida, Gainesville, Florida 


PIECE of pyrex glass tubing, of such diameter 
that it will slip over the barrel and air holes of a 
Bunsen burner, is constricted to an internal 


diameter of a half millimeter, or less. It is then cut at 
the middle of the constriction. The finished glass tube 
should be about 5 cm. longer than the barrel of the 


‘ 


Bunsen burner. Two tubes may be prepared at once. 

The glass tube is then slipped over the barrel and air 
holes of the Bunsen burner. A gas-tight seal is made 
around the lower end of the tube and the burner with 
gummed paper or sealing wax. It is then ready for 
use. 

Such a burner has been used in this laboratory for 
several years and found to be satisfactory. It gives a 
hot non-luminous flame, which can be varied in height 
from a few millimeters to about 3 centimeters by 
regulating the gas supply. 





ELEMENTS of the QUANTUM THEORY’ 


I. QUANTUM PHENOMENA 


SAUL DUSHMAN 


Research Laboratory, General Electric Co., Schenectady, New York 


INTRODUCTORY REMARKS 


LITTLE over a third of a century has passed 
since Lord Kelvin, in an address before the 
British Association, pointed out that there were 

apparently two clouds upon the scientific horizon. One 
of these was represented by the experiment of Michel- 
son and Morley; the other involved the failure of 
classical theory in accounting for the observations on 
the energy distribution in the radiation emitted by a 
black body. The first difficulty led Einstein to formu- 
late his special theory of relativity, and, subse- 
quently, a more generalized form of the theory which 
involved a radical interpretation of the force of gravity. 
The second difficulty led Planck to formulate a theory 
of energy quanta which, through the work of Einstein, 
A. H. Compton, N. Bohr, and others, has led to a 
corpuscular theory of the interaction of matter and 
radiation. This quantum theory entered upon a second 
phase in 1926 with the discovery of the undulatory na- 
ture of corpuscular motion, and, through the theoretical 
investigations of Heisenberg, Schroedinger, and Dirac, 
there has been developed a totally new point of view 
on the nature and behavior of electrons, atoms, and 
molecules. 

The system of concepts and mathematical technic 
originated by these investigators, together with the 
applications of these new methods to physical and 
chemical problems, constitute what has been desig- 
nated as the new Quantum Mechanics. 

While the quantitative deductions by means of this 
theory require a considerable knowledge of advanced 
mathematical technic, the writer believes that the 
essential features of the new point of view may be 
presented without recourse to such highly intricate 
mathematical methods. It is possible to obtain an 
understanding of the ‘‘physical” ideas by the aid of 
comparatively simple mathematics. Furthermore, it is 
not necessary to follow the same methods of presenta- 
tion of these ideas that were used at the beginning by 
the pioneers in this field. This avoids the introduction 
of concepts which are both difficult to grasp and prob- 
ably unessential, at least in the initial stages, for a com- 


* This is the first of a series of articles presenting a more de- 
tailed and extended treatment of the subject matter covered in 
Dr. Dushman’s contribution to the symposium on Modernizing 
the Course in General Chemistry conducted by the Division of 
Chemical Education at the eighty-eighth meeting of the American 
Chemical Society, Cleveland, Ohio, September 12, 1934. The 
‘author reserves the right to publication in book form. 


prehension of some of the basic principles and deduc- 
tions. Prof. E. T. Bellf has spoken of the ‘metaphors 
of quantum physics,” and if we regard the mathematics 
of the new quantum theory as merely a symbolic lan- 
guage for the interpretation of physical phenomena, and 
not as a representation of the actual processes involved, 
then we shall find that a great deal of the apparent 
mystery disappears. 

After all, it is essential to realize that quantum 
mechanics is merely the most convenient type of 
language which has been evolved, so far, for the repre- 
sentation of a large number of observations in physical 
science, which have accumulated during the past three 
decades. It is a language in which there is a one-to- 
one correspondence between certain symbols and 
certain observations, and the mathematical technic 
constitutes the most logical method for deriving from 
these observations such conclusions as may be sub- 
jected to further experimental tests. 

Consequently, it is essential, that we should first 
consider carefully the actual observations which have 
led to the new point of view. The relationship that 
should exist between observations and their inter- 
pretation is one that has not always been clearly de- 
fined. It is comparatively easy to confuse the shadow 
with the substance, and what is often intended by the 
theoretical physicist as a working analogy is assumed 
by others to be an actual physical model of the new 
phenomena. 

Some twenty years ago, H. Poincaré, one of the great- 
est mathematicians of that period, stated his opinions 
on this point in a work entitled “Science and Hy- 
pothesis.” ‘Experiment,’ he wrote, ‘‘is the sole source 
of truth. It alone can teach us anything new; it alone 
can give us certainty. But to observe is not enough.... 
The scientist must set in order. Science is built up 
with facts, as a house is with stones. But a collection 
of facts is no more a science than a heap of stones is a 
house.” 

The scientist attempts to generalize from these ob- 
servations, and thus sets up a theory so that he may be 
able to predict the results of new experiments. As has 
been stated in a recent address by I. Langmuir,f 

Our theories consist fundamentally in the setting up of a model 
which has properties analogous to the phenomena which we have 


observed. For example, Bohr, taking into consideration certain 
properties of hydrogen atoms, proposed a model for these atoms 
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which consisted of an electron revolving in an orbit about a nu- 
cleus. The energy changes that would take place in this model, 
according to calculation, were found to be identical with those 
that were observed for hydrogen atoms. The theory was thus 
useful and served to explain the properties of hydrogen. 

Since any such model is an abstraction formed for a definite 
purpose, it is necessarily incomplete and therefore the model must 
never be confused with the physical phenomena which it repre- 
sents. We should therefore never ask whether the model repre- 
sents reality. It is sufficient to say that in certain respects it 
corresponds to reality. For example, although the equations 
which Bohr derived from a consideration of his model are still 
valid, we have today quite other explanations of the behavior of 
theseatoms. The original Bohr model has lost its usefulness. 

Even the atomic theory of matter, which is so universally 
accepted today, consists essentially in the setting up of a model, 
in which chemical compounds are conceived of as being made up 
of definite arrangements of atoms, to which we assign suitable 
properties.... 

Most of the laws of physics are stated in mathematical terms. 
But a mathematical equation itself is nothing more than a kind of 
model. We establish, or assume, a correspondence between 
observable quantities and the symbols of an equation, and then, 
after a mathematical transformation, obtain a new relation or 
equation. If we can establish a similar correspondence between 
the symbols of the new equation and observational data obtained 
after an experiment has been performed, we have demonstrated 
the power of the mathematical theory to predict events. It thus 
becomes a useful theory. 


Above all, it is necessary to realize that analogies and 
models are always limited in their scope, andconclusions, 
based on their use, must be tested constantly by further 
experiment. 

In his book on “‘The Logic of Modern Physics,” P. W. 
Bridgman has emphasized one guiding principle in the 
formation of the concepts for describing any new ob- 
servations. ‘The concept,” he states, ‘should be 
synonymous with the corresponding set of operations.” 
He illustrates this statement by applying it to the 
physical concept length, and to the philosophical con- 
cept “absolute time,” and then makes the following 


statement: 


It is evident that if we adopt this point of view toward con- 
cepts, namely that the proper definition of a concept is not in 
terms of its properties but in terms of actual operations, we need 
run no danger of having to revise our attitude toward nature. 
For if experience is always described in terms of experience, there 
must always be a correspondence between experience and our de- 
scription of it, and we need never be embarrassed, as we were in 
attempting to find in nature the prototype of Newton’s absolute 
time. Furthermore, if we remember that the operations to which 
a physical concept are equivalent are actual physical operations, 
the concepts can be defined only in the range of actual experiment, 
and are undefined and meaningless in regions as yet untouched 
by experiment. It follows that strictly speaking we cannot make 
statements at all about regions as yet untouched, and that when we 
do make such statements, as we inevitably shall, we are making a 
conventionalized extrapolation, of the looseness of which we 
must be fully conscious, and the justification of which is in the 
experiment of the future. 


Thus, in order to understand the function of our 
present theories on the structure and behavior of atomic 
and molecular systems and of electrons, it is essential to 
consider, first of all, the fundamental experimental obser- 
vations upon which these theories are based. Obviously 
it is possible, in such a discussion as the following, to 
mention only those facts which are both the most 
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important and most readily understood. Furthermore, 
it is not at all necessary in presenting these observa- 
tions to adhere to a historical sequence. It is much 
more essential to arrange these facts in order of increas- 
ing deviation from what might have been predicted on 
the basis of classical physics. 


ENERGY STATES OF ATOMIC SYSTEMS 


The atomic and molecular theories were found to be 
useful in the interpretation of chemical phenomena, 
and their utility was extended by the development of 
the kinetic theory of gases. Toward the end of the 
nineteenth century came the discovery of the electron, 
of X-rays, and of radioactive phenomena. While pre- 
vious theories had led to the possibility of estimating 
the concentration and size of atoms or molecules, the 
new observations led to the conclusion that the atom 
itself is a complicated structure composed of electrons 
and positive charges. But it was not until about 1911 
that a first really successful theory of atomic structure 
was suggested by Rutherford, and the subsequent 
investigation on X-ray spectra by Moseley, as well as 
those on isotopes by Aston, led to a new understanding 
of the periodic arrangement of the elements. 

The model of an atom, consisting of a positively 
charged nucleus surrounded by one or more electrons, 
represented a significant departure from prevalent 
views in physics, since, on the basis of these views, such 
an atom must be inherently unstable. Nevertheless, it 
was only by means of this theory that the facts of radio- 
active disintegration and the observations on the scat- 
tering of alpha particles could be interpreted satis- 
factorily. The next problems to be investigated were 
manifestly those of electron configurations within the 
atoms themselves and of chemical combination between 
atoms. 

The theory of the origin of spectral lines first sug- 
gested by N. Bohr in 1913 started new lines of investi- 
gations in the applications of quantum theory to atomic 
structure problems. One of the most striking of these 
early experiments was that carried out by J. Franck and 
G. Hertz in 1915. They showed that when electrons 
are allowed to collide with atoms, there is a transfer of 
energy to the latter only at certain critical values of the 
energy of the electron. If we designate the mass, 
charge, and velocity of the electron by y, e, and 2, re- 
spectively, the relation between the kinetic energy of 
the electron and the potential difference, V, through 
which it is accelerated, is given by 


zu — (1) 


Franck and Hertz found that this kinetic energy 
could be transferred completely to an atom only at 
certain critical values of V (critical potentials), thus 
indicating that for each type of atom there exists a 
certain discrete series of energy states. For collisions 
of atoms with electrons having an energy less than the 
lowest of these critical values (which we shall designate 
by V,), the laws of elastic collisions apply, while for 
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energies above the value V,,* the electron loses only 
that amount of energy which corresponds to the next 
lowest critical value. 

A second observation, made by Eldridge in America 
and also by Franck and Hertz, was that an atom in the 
state corresponding to V, is able to emit a monochro- 
matic radiation of which the frequency, v, is propor- 
tional to V, in accordance with the relation 


hv = V,e (2) 


where h is Planck’s constant. It was also observed by 
these investigators and others that the frequency of any 
line, in the spectrum of an atomic system, could always 
be represented by a similar relation of the form 


‘ hy = (YU — Vaje (3) 


where V; and Vz denote the energy values in volts 
corresponding to two different critical states of the 
atom as determined by bombardment with electrons. 
Figure 1 illustrates these observations in the case of 
collisions between electrons and sodium atoms. As 
long as the energy of the former is less than 2.10 volts, 
the collisions are perfectly elastic, and in accordance 
with the laws of ordinary mechanics (applied to the 
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FIGURE 1.—ENERGY STATES AND EXCITATION POTENTIALS FOR 
Soprum 


collision between two particles), the electron loses only 
an insignificantly small fraction of its energy, namely, 
2u/M, where M = mass of atom. (In the case of Na, 
2u/M = 48 X 10-5.) At 2.10 volts, or a slightly 
higher kinetic energy of the electron, an inelastic colli- 
sion occurs. 

The electron transfers a fraction of its energy, corre- 
sponding to 2.10 volts, to the Na atom and under 
suitable conditions it will be observed that the vapor 
emits the two D lines of Na of wave-lengths 5890 and 
5896. In other words, the 2.10 volts kinetic energy of 
the electron is used in exciting the sodium to the first 
excited state, which, as is shown in Figure 1, is desig- 
nated spectroscopically as 3P, and when the excited 
atom returns to the normal state, the radiation corre- 

* The energy value is, of course, V,e; but it is‘ customary to 


designate energy values in terms of electron volts, that is, the 
value of V as defined by equation (1). 
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sponding to the D lines is emitted. (Actually the 3P 
state consists of two states of slightly different energy 
contents—hence the emission of two lines of nearly the 
same wave-length.) 

As the electron energy is increased beyond 2.10 volts 
and maintained below 3.18 volts, any inelastic collision 
between an electron and a sodium atom results in the 
transfer to the latter of only 2.10 volts energy, while the 
excess over this value is retained by the electron as 
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FIGURE 2.—ENERGY LEVELS AND LINES IN ARC SPECTRUM 
or SopIUM 


kinetic energy. At 3.18 volts, the electron can excite a 
sodium atom to the 4S state, and from this state the 
only transition which can occur ‘is that to the 3P state, 
with the accompanying emission of the infra-red lines 
411,382 and 11,404. (Transitions can occur only 
between S and P states, and P and D states, but not 
between states designated by similar letters.) 

Thus, as the kinetic energy of the electron is in- 
creased, it becomes possible to excite the sodium atom 
to successively higher energy states, and the spectrum 
changes from a narrow doublet, observed when V is 
below 3.18 volts, to a spectrum consisting of an increas- 
ing number of lines, until finally when V becomes equal 
to or exceeds 5.12 volts, all the lines in the arc spectrum of 
sodium appear. Observation shows that, at this latter 
voltage, ionization occurs, with formation of Na+ and an 
electron. 

While Figure 1 shows the voltages at which the 
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different energy states are produced, Figure 2 shows, in 
a different form, the “energy levels” and the spectral 
lines corresponding to transitions between these levels. 
Even before the advent of the Bohr theory, spectro- 
scopists had recognized that in some of the simpler 
spectra at least (such as those of H, the alkali metals, 
etc.), it is possible to represent the frequency v of any 
line in the form 
33-3) 


where R is a universal constant (the Rydberg constant) 
and a is a constant for a given series of lines, while m 
increases by integral values with increase in v for the 
different members of the series. In terms of the Bohr 


theory, the values ~ and * correspond to energy levels. 


Instead of designating the values of these levels in terms 
of the frequency, spectroscopists have used the wave 
numbers ¥ = v/c, where c = velocity of light. Thus, 
the wave-length of any line is given in terms of the 
wave numbers of the corresponding levels by the 
relation 


: = ™, — 72 (em.~!) 

where 7; is the wave number of the Jower, and 7, that of 
the upper level, between which the transition occurs. 
In Figures 1 and 2, the wave numbers of the different 
levels have been indicated, and in the latter figure it 
will also be observed that each column corresponds to 
energy levels belonging to the same spectral series. 
From the difference in wave numbers, A 7, for any two 
levels, the corresponding electron volts may be derived 
by the relation 


Vv 
V = 106 


RESONANCE RADIATION 


While the first excited state of the sodium atom may 
be obtained by impact of a sodium atom with an elec- 
tron having an energy greater than 2.10 volts, the same 
result may also be obtained by allowing the D lines 
from a sodium vapor lamp to strike a heated bulb con- 
taining sodium vapor at low pressure and no electrodes 
whatever. The sodium atoms absorb the radiation 
5890 and 5896, and thus become excited. On re- 
turning spontaneously to the normal state, the same 
wave-lengths are then reémitted and the bulb contain- 
ing the vapor glows with a faint yellow color. The 
analogy with resonance phenomena in other fields of 
physics has led to the designation of this radiation as of 
the resonance type, and the value 2.10 volts required to 
excite sodium to the state at which it will emit this 
resonance radiation is therefore known as the first 
resonance potential. 

By noting the voltages at which electrons lose kinetic 
energy by inelastic collisions with the atoms, and also 
by observing the wave-lengths of the resonance radia- 
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tion, it has been found possible to determine so-called 
energy level diagrams for most of the elements, not 
only in their normal states, but also at different stages of 
ionization. The importance, however, of all of these 
observations from the point of view of the quantum 
theory is that they lead to two conclusions, which, as a 
matter of fact, were stated by Bohr in his original paper 
in the form of the following two postulates: 

A. Anatomic system can, and can only, exist permanently ina 
certain series of states corresponding to a discontinuous series of 
values for its energy, and consequently any change in the energy 
of the system, including emission and absorption of electromag- 
netic radiation, must take place by a complete transition between 
two such states. These states will be denoted as the “‘stationary 
states’’ of the system. 

B. That the radiation absorbed or emitted during a transition 
between two stationary states is monochromatic and possesses a 
frequency v, given by the relation [analogous to (8) ] 


hy = E, — En 
where E,, and E,, are the energies of the two different states. 


These observations thus indicate that in the inter- 
action of matter and radiation the magnitude of the 
energy interchange is measured in terms of a unit, 
or guantum as it has been designated, which 1s propor- 
tional to the frequency v. ‘That this involves an atomistic 
view of the nature of radiant energy is deduced from 
another series of investigations, viz., those on the 
photoelectric and inverse photoelectric effect and on the 
Compton effect. 


PHOTOELECTRIC EFFECT 


In the emission of electrons from metals by the 
incidence of radiation, it has been observed that the 
energy of the emitted electrons is proportional to the 
frequency of the radiation, and not to the intensity. 
If we let W denote the work required to pass the elec- 
tron through the surface, then, according to Einstein, 
the maximum energy of the emitted electron is given by 
the relation 


5 uot = hy — W (4a) 
where v is the frequency of the radiation used. The 
velocity of the electrons is measured, in general, by the 
magnitude of the retarding potential voltage, V, re- 
quired to decrease the velocity to zero, in accordance 
with equation (1). Consequently (4) may be written 
in the more usual form 
Ve = hy — W 


= hv — hyo (4b) 


where » = W/h is the minimum frequency which 
causes photoelectric emission from the given surface 
and is therefore known as the “photoelectric threshold.”’ 

Equation (4b) thus leads to the conception that the 
electron takes up a quantum of incident radiation, of 
magnitude hy, and uses it partly in passing through the 
surface, and partly in the form of acquired kinetic 
energy. Such a relation is inconsistent with any 
theory of spreading wave-fronts of light. A single 
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atom on the emitting surface is able, apparently, to 
concentrate the radiant energy incident on an area a 
million or more times greater than the atomic cross- 
section, into a single unit (or quantum) and then utilizes 
this energy to eject an electron. 

Similar observations have been made on the ioniza- 
tion of atoms by X-rays. Apparently the X-rays are 
capable of passing over billions of molecules without 
losing any energy, and then, by accident as it were, one 
molecule absorbs the energy of a whole train of X-ray 
waves with the resulting ejection of an electron (which 
constitutes the process of ionization). Furthermore, 
in this case also we find that the relation between fre- 
quency of X-ray radiation and velocity of emitted elec- 
trons is given by Einstein’s relation, equation (4). 

The inverse photoelectric effect is another illustra- 
tion of the application of the same relation. If a 
stream of electrons is directed against any solid, as in 
an X-ray tube, the maximum frequency of the radia- 
tion emitted increases linearly with the voltage in 
accordance with equation (40). 

These observations on the relation between radiant 
energy and kinetic energy of electrons are quite in dis- 
agreement with predictions based on the undulatory 
theory of light. “The effects,” as Sir William Bragg 
has pointed out, “are as if the energy were conveyed 
from place to place in entities, such as Newton’s old 
corpuscular theory of light provides.” In other words, 
while the observations on interference and diffraction 
lead quite logically to a wave theory of light, the quan- 
tum phenomena discussed in the previous paragraphs 
can be interpreted only in terms of a corpuscular 
theory; that is to say that in the interaction of radia- 
tion with electrons, the former behaves as if it were 
constituted of light units, or photons, as they have been 
designated. On this point of view we assume that 
these photons are guided by the electromagnetic waves 
and that what is distributed uniformly along the wave- 
front is not the energy but rather the probability of 
occurrence of a photon. For light waves of such inten- 
sity that the area covered by a million atoms is re- 
ceiving one quantum of energy per unit time, there is a 
probability of one in a million that any one atom will be 
bombarded in that interval by a photon, with the re- 
sultant ejection of an electron. 


THE COMPTON EFFECT 


This corpuscular conception of the nature of radiant 
energy was utilized by A. H. Compton in 1923 to 
interpret some very significant observations on the 
scattering of X-rays by solid bodies. 

When X-rays impinge on matter, secondary rays 
of slightly longer wave-length, that is, of lower fre- 
quency, are produced. This result is distinctly differ- 
ent from that observed for ordinary or visible light and 
could not be understood on the basis of any classical 
wave theory. However, A. H. Compton suggested in 
1923 an interpretation based on the corpuscular theory 
of light which has met with signal success. ‘ 

If the incident X-rays of frequency v be considered 
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as a stream of light particles or photons, then each 
photon carries an amount of energy E = hy, and 
possesses a momentum, P, which, in accordance with 
the observations on light pressure, is given by the 
relation P = hv/c, where c is the velocity of light. 
When a photon collides with a free or loosely bound 
electron, there occurs an interchange of both energy 
and momentum in accordance with the laws of elastic 
collision for particles. Consequently, the photon suf- 
fers a recoil in one direction with loss of momentum 
and decrease in energy, while the electron moves off in 
another direction with added momentum and increased 
kinetic energy. Such a collision is illustrated in 
Figure 3, where @ is the angle between the directions of 
the incident and that of the scattered photon. Now the 
interesting point is that while the distribution of values of 
6 is governed by a law of probability, the relation be- 
tween decrease in frequency of the photon and the 
value of 6 for any individual collision is that calculated 
on the basis of the laws of conservation of energy“and 
momentum. 


FIGURE 3.— ILLUSTRATING THE THEORY 
OF THE COMPTON EFFECT 


Here, then, we have a phenomenon which, like the 
photoelectric effect, can be explained only in terms of a 
corpuscular theory ofenergy. Yet, in all these observa- 
tions use is made of the wave theory to determine wave- 
lengths and frequencies. We are thus led to adopt a 
dualistic conception of the nature of radiant energy. 
When dealing with interference, diffraction and polari- 
zation phenomena, we find it nécessary to use the un- 
dulatory theory; when dealing with the interaction of 
radiation and matter, it is necessary to use the corpuscu- 
lar concepts, energy and momentum. The two ap- 
parently contradictory aspects are connected by the 
extremely significant relations 


E= hy } | (5) 


and P = hv/c = h/r 


UNDULATORY PHENOMENA ASSOCIATED WITH 
CORPUSCLES 


Until 1927 it was believed that this dualistic be- 
havior applies only to radiation, but in that year C. J. 
Davisson and L. H. Germer made certain observations 
on the reflection of electrons from single crystals of 
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nickel, which could be interpreted only on the as- 
sumption that under these conditions a stream of 
electrons possesses undulatory properties. The ob- 
servations on the variation in intensity of the reflected 
beam with angle of incidence, for a homogeneous beam 
incident on the crystal, led to the conclusion that there 
exists, associated with the corpuscular kinetic energy 
of the electrons, a wave motion for which the wave- 
length, \ (known as the de Broglie wave-length), is 
related to the momentum, pv, by an equation identical 
with that used by Compton, of the form 


h 
Qu Ve 


(6) 


where V is the potential difference through which the 
electrons are accelerated in acquiring the velocity, v. 

While these observations were made with low 
velocity electrons, G. P. Thomson showed a little later 
that high velocity electrons are diffracted by thin 
metal films in exactly the same manner as X-rays, thus 
repeating with electrons the famous experiment by 
which Laue had demonstrated in 1913 the wave nature 
of these rays. Subsequently it was shown by A. J. 
Dempster that in the reflection of protons from crystal 
surfaces, the phenomena observed indicate, for this 
case also, a wave-length associated with the corpuscular 
momentum which is given by equation (6). 

Before discussing the significance of this relation, it is 
essential to consider what values of \ we may expect, on 
the basis of this equation, for certain cases of corpuscu- 
lar motion. Since = 6.56 X 10-?’ erg-sec., it follows 
that for » = 1 g. and v = 1 cm. per sec., \ = 6.56 X 
10-77 cm. This is much too small to be measured by 
any sort of grating available, and hence cannot be ob- 
served experimentally. From the investigations of 
crystal lattice structures by means of X-rays, it has 
been shown that the distances between atoms in such 
crystals are of the order of 10-* cm. This therefore 
determines for the magnitudes of corpuscular wave- 
lengths that may be observed by means of crystals, 
values ranging from 10~’ to 10—*° cm., while optically 
ruled gratings enable us to measure wave-lengths ex- 
ceeding 10-* cm. The corresponding values of pv are 
h/10~? to h/10-", that is, values ranging from 6.55 X 
10-2° to 6.55 X 10-1", and such values are obtained 
only with atoms or electrons. For instance, in the 
case of a hydrogen molecule (u = 3.3 X 10-* g.), the 
velocity at room temperature is about 2 X 10° cm. per 
sec., and therefore nv = 6.6 X 10—!°, while for an elec- 
tron (u = 9 X 10-*8 g.) having a velocity 5.9 10° 
cm. per sec. (corresponding to a fall through a poten- 
tial of 100 volts), ww = 5.38 X 10-!%and A = 1.24 X 10-8 
cm. 

It is for these reasons that phenomena exhibiting the 
characteristics associated with waves may be observed 
experimentally only with such ultra-microscopic par- 
ticles as atoms and electrons and cannot possibly be 
detected, at least in the light of present knowledge, with 
macroscopic corpuscles. 
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PRINCIPLE OF INDETERMINACY* 


These effects which have been described rather briefly 
in the previous sections thus lead to conclusions which 
are apparently quite opposed to notions inherited from 
classical physics. While the latter conceived light as an 
undulatory motion in a hypothetical ether, the theory 
of relativity discarded the ether and it would appear 
that the quantum relations obliterate the waves. 
On the other hand, while the experiments on deflection 
of electrons in electrostatic and magnetic fields led 
physicists to assign to electrons a mass y¢ and a velocity 
v, as well as a charge, e, the experiments on diffraction 
lead to the conception of “‘electron waves,”’ to which a 
definite ‘‘wave-length” may be assigned. 

What explanation can be deduced for this seeming 
dualism in the behavior of both radiation and matter? 
The answer, first perceived most clearly by Heisenberg 
and Bohr, is that this dualism is actually inherent in the 
experimental arrangements used, in the agencies of 
observation themselves. The nature of the experiment 
controls the result actually observed. 

The difficulty is this, that we have always assumed 
that we could treat phenomena as something apart 
from the tools used in the observations. After all, as 
Eddington reminds us, ‘“The world of physics is a world 
contemplated from within, surveyed by appliances 
which are part of it and subject to its laws,” whereas 
it had been assumed that such observation revealed 
something that is independent of the mode of observa- 
tion itself. 

When we measure a length with a meter stick, or 
observe the position of an oil drop through a telescope, 
we are justified in assuming that the act of observing 
has introduced no effects on the object of observation. 
Consequently, it is possible, in ordinary dynamical 
problems, to specify the instantaneous state of a 
particle in terms of its position (which we shall desig- 
nate by x), and its velocity, v, or, more accurately, its 
momentum, p = pv. From a knowledge of the forces 
acting on the particle, it is then possible to predict its 
subsequent behavior, as, for instance, its position and 
velocity after any period of time, ¢. Such a prediction 
is valid because it is possible to make observations on 
the initial conditions without “‘spoiling”’ the results of 
the measurements. ‘However,’ as Heisenberg has 
pointed out, 

This assumption is not permissible in atomic physics; the 
interaction between observer and object causes uncontrollable 
and large changes in the system being observed, because of the 
discontinuous changes characteristic of atomic processes. The 
immediate consequence of this circumstance is that in general 
every experiment performed to determine some numerical quan- 
tity renders the knowledge of others illusory, since the uncontrol- 
lable perturbation of the observed system alters the values of 
previously determined quantities. If this perturbation be 
followed in its quantitative details, it appears that in many cases 
it is impossible to obtain exact determination of the simul- 


* What Heisenberg designated as ‘‘Unbestimmheit” has been 
translated into the English equivalents: inexactitude, in- 
definiteness, uncertainty, and indeterminacy. 

+t HEISENBERG, W., “‘The physical principles of the quantum 
theory,” Univ. of Chicago Press, 1930, p. 3. 
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taneous values of two variables, but rather that there is a lower 
limit to the accuracy with which they can be known. 


For instance, in the Bohr theory of the hydrogen 
atom, the motion of an electron around the nucleus is 
treated on the same basis as the motion of the earth 
around the sun. It is assumed that we can measure 
both the position and velocity of the electron at any 
instant and that from this we can derive a magnitude 
which we designate as frequency of revolution in an 
orbit. But is it possible to specify position and 
velocity simultaneously for an electron in an atomic 
system? Heisenberg’s answer is that it is impossible 
to do this. In fact, the more accurately we attempt to 
determine the position, the less accuracy we attain 
in the measurement of velocity, and vice versa. 

As an illustration, let us consider the manner in 
which we might try to determine the position at any 
instant of an electron in motion. In order to see the 
electron, it must be illuminated and from optical con- 
siderations it is known that for an ideal lens the un- 
certainty, Ax, in the determination of x, is given by the 
relation 


sin 6 
where \ is the wave-length of light used and 26 is the 
aperture of the lens (see Fig. 4). Thus 6 should be 
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FIGURE 4.—ILLUSTRATING THE 
PRINCIPLE OF INDETERMINACY 


chosen as large as possible, and \ as small as possible. 
Theoretically we could use gamma rays, the shortest 
wave-lengths of radiation obtainable, or even cosmic 
rays (which are assumed by Millikan to be radiation of 
still higher frequency). 

To make the observation it is necessary that at least 
one photon should be scattered by the electron and 
pass through the microscope lens to the eye of the 
observer. In consequence of the Compton effect, the 
electron receives a recoil and the amount of this recoil 
cannot be determined since the lens receives in the 
same focus all the rays originating in the angle 20. 
Thus the uncertainty in the magnitude of the loss in 
momentum of the electron in the x-direction is given by 


Ap, = * sin 0 
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The inequality indicates that the magnitude of the 
inexactitude will never be less than / sin @/A, but may 
be greater, owing to physical imperfections in the ex- 
perimental arrangement. 

Consequently, we arrive at the very significant result 


Ax-Ap, 2h (7) 


To minimize the loss in momentum, we might use 
radiation of much longer wave-length. In fact, we 
might attempt to measure the velocity of the electron by 
means of the Doppler effect, and in order to increase 
the accuracy of observation, it would be necessary to 
work with very long wave-length radiation, but this 
would increase the inaccuracy in determination of 
position. 

In the foregoing discussion, use has been made, on the 
one hand, of the wave theory in connection with resolv- 
ing power of the lens, and, on the other hand, of the 
corpuscular theory of the Compton effect. However, 
the conclusion stated in equation (7) may be derived 
also from a consideration of the wave properties ex- 
hibited by electrons when made to pass through a slit.* 
We imagine a homogeneous beam of electrons incident 
in the normal direction on a screen containing a slit. 
In order to fix the position of one of the electrons at the 
instant of passing, we must choose a slit of extremely 
narrow width, d. The coérdinates parallel to the screen 
are thus determined with the accuracy 


Ax = d, 


But if d is comparable in magnitude with the de 
Broglie wave-length, \, the electrons will be deflected 
at the edges (diffraction phenomenon). Consequently, 
the emergent beam has a finite angle of divergence, 8, 
which, according to the laws of optics, is determined by 
the relation 

sin @ = \/d = d/ Ax 


and the momentum of the electrons in a direction 
parallel to the screen is uncertain, after passing the slit, 
by an amount 


Ap =! sino 


From these two relations, equation (7) follows, as 
before. . 

A similar relation is valid for the simultaneous deter- 
mination of E, the energy, and /, the instant of observa- 
tion. For in order to determine the difference in fre- 
quency, Av, between two frequencies, v and vy + Ay, we 
must extend the observation over an interval of time 
At = 1/A»v. Hence 


hAvAt = AE-At = h _ (8) 


The conclusions stated in equations (7) and (8) con- 
stitute the generalization which is known as Heisen- 
berg’s Principle of Indeterminacy and while it does not 
enable us to make any calculations on the behavior of 
atomic systems and electrons, it is extremely important 


* HEISENBERG, loc. cit. 
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in indicating the nature of the predictions which can be 
made about such particles. 

Heisenberg’s principle postulates that there exists a 
fundamental limitation governing the possibility of 
associating exact determination of position with exact 
determination of momentum, when dealing with such 
systems as atoms and electrons, and the reason for this 
is the fact that any observation on atomic systems or 
electrons involves an interaction with agencies of 
observation, not belonging to the system.* Thus the 
initial conditions in any dynamical problem involving 
atoms, are indeterminable to the extent defined by 
equation (7), and consequently we cannot expect classi- 
cal methods to be valid for calculating the behavior of a 
microscopic system such as an atom or an electron. 

That this limitation is of negligible significance in the 
calculation of macroscopic systems is readily evident 
from considerations similar to those advanced pre- 
viously in the discussion of the undulatory phenomena 
associated with corpuscular motion. The experimental 
limitations in the accurate determination of either posi- 
tion or velocity, in the case of the motion of ordinary 
masses, are so large that the Heisenberg inexactitude 
relation becomes completely obscured. This is no 
longer true, however, when dealing with the motions of 
electrons in atomic systems. In view of the im- 
possibility of determining accurately the initial condi- 
tions in these cases, a precise statement of subsequent 
occurrences is no longer possible. What, then, can be 
calculated with regard to the behavior of such a 
system? , 

In the ordinary affairs of life we have learned to solve 
such problems by applying the methods of the theory 
of probability. Thus the life of any individual human 
being is indeterminate in duration, but life insurance 
statistics enable us to state the life expectancy for any 
individual at a given age. Similarly, in the manufac- 
ture of any piece of mechanism, where such production 
involves a large number of units, it is possible to predict 
on the basis of statistical information what the prob- 
ability is for the occurrence in any unit of a given type 
of characteristic. 

In the kinetic theory of gases we have the well-known 
probability distribution laws of Maxwell and Boltz- 
mann. These laws state the manner in which the 
probability of occurrence of a given range of velocities 
or energies varies with the velocity or energy. Thus it 
is found that while there is a decreasing probability 
for the occurrence of very high or very low velocities, 


* Bonr, N., Supplement to Nature, April 14, 1928, p. 680. 
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there exists for each temperature and composition of 
gas, a certain velocity for which the probability is a 
maximum. 

Now let us return to the consideration of the problem 
in atomic mechanics. Here, as has been mentioned 
previously, we are confronted with the fact that initial 
conditions are defined only within the limits deter- 
mined by Heisenberg’s principles. In view of this 
uncertainty, it is evident that all that we may expect 
to determine from the solution of a problem on the 
behavior of an atomic system is the probability of 
occurrence of any individual event. That is, the new 
quantum mechanics is essentially a technic for the 
calculation of statistical probabilities, and not one which 
enables us to predict absolute certainties in the same 
sense as we have been led to expect from ordinary 
mechanics. 

Since, as has been emphasized previously, the indeter- 
minacy becomes less and less significant with increase in 
the values of wv and x beyond those dealt with in the 
consideration of atomic systems, it is evident that for 
macroscopic phenomena the new quantum mechanics 
must yield results which are identical with those 
derived by classical mechanics. Bohr had recognized 
the necessity for fulfilling this condition in developing 
his hybrid theory of classical mechanics and quantizing 
principles. As a result he formulated his famous 
Correspondence Principle, and, in the new quantum 
theory as well, the spirit of this principle has been 
maintained. For instance, as shown by both C. G. 
Darwin} and E. H. Kennard,{ the path of a macroscopic 
particle, falling freely under the action of gravitational 
forces, when derived by the methods of Schroedinger, is 
found to be identical in form with that derived by the 
method of Newtonian mechanics. If we adopt the 
language of the quantum theory, we may describe this 
result thus: there is an infinitely high degree of 
probability that, at the end of a given interval of time, 
the value of uv and x will approach certain determined 
values more closely than any differences that can be 
measured, even with the utmost possible physical preci- 
sion. On the other hand, the ordinary calculation 
states that at the end of the given interval of time, uv 
and x will have these actual definite values. In other 
words, for large-scale phenomena, classical mechanics 
merely states as a certainty a result to which quantum 
mechanics assigns such an extremely high degree of 
probability that for all practical purposes it becomes a 
certainty. 


{ Darwin, C. G., Proc. Roy. Soc., A117, 258 (1928). 
KENNARD, E. H., J. Franklin Inst., 207, 47 (1929). 
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TITLE PAGE OF BLACK’s DISSERTATION 


AMONGST the numerous Latin inaugural dissertations 
accepted during the third quarter of the eighteenth century 
as theses for graduation in medicine in the University of 
Edinburgh, and preserved in bound volumes in the Library 
of the University, there are to be seen copies of those pre- 
sented by Joseph Black and by Daniel Rutherford, both of 
which have found wide-spread mention in the history of 
chemistry as forming important steps in the progress of 
discovery. The respective theses were presented by Black, 
at the age of 26, in 1754 and by Rutherford, at the age of 
23, in 1772. 
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Buildings, Edinburgh. 
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Note oF DEDICATION, BLACK’s DISSERTATION 
’ 


In connection with some historical work that was at the 
time engaging the attention of the present writer, the late 
Professor Crum Brown, somewhat more than twenty years 
ago, offered to prepare for him translations of these two 
theses, and so there came into existence and into his posses- 
sion English manuscript versions of both of them. At the 
suggestion of the Editor, it has been decided that, since 
these translations have never been printed, they may now 
find a fitting place for publication in extenso im THIS JOUR- 
NAL. Arrangements have accordingly been made for their 
reproduction here in three successive installments. The 
first of these, now printed, presents the earlier portion of 
Black’s dissertation which deals with ‘‘The Acid Humour 
Arising From Food.” The remainder of Black’s disserta- 
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tion which treats of ‘‘Magnesia Alba’’ will form the second 
installment and this will be succeeded by Rutherford’s dis- 
sertation ‘‘On the Air Called Fixed, or Mephitic.” The 
translations will be reproduced almost exactly as they left 
Crum Brown’s hands, only a few minor slips and incon- 
sistencies having been adjusted. 

Black was a distinguished pupil of William Cullen, 
who himself occupies a noteworthy position as a pioneer in 
Britain in insisting on the importance and value of a 
knowledge of chemistry and in delivering, first in Glasgow 
and afterwards in Edinburgh, courses of lectures on the 
subject and on its history to his medical students. Avatl- 
ing himself of the opportunity afforded by the enlightened 
attitude of Cullen towards his pupils in encouraging them 
to engage in making chemical experiments on their own 
account, and with the definite object of endeavouring to find 
an appropriate solvent for the calculus—a matter that was 
seriously exercising the minds of physicians at the time— 
Black carried out a well-considered and systematic series 
of experiments on Magnesia Alba. The details of these ex- 
periments are described in his thesis, but Black did not 
there give more than an indistinct foreshadowing of the 
important conclusions with respect to mild and caustic 
alkalies, subsequently deduced from them and from some 
additional experiments, that he set forth in his extended 
paper of June, 1755, which was printed in the “‘Essays and 
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Observations, Physical and Literary, Read before a So- 
ciety in Edinburgh and Published by Them” [Vol. 2, 
157-225 (1756) }. 

While Black thought that some of his experiments were, 
as he puts it in the second portion of his dissertation, 
“worthy enough of record’ and that an account of them 
“would not be unpleasing’’ to those of his fellow-students 
who were fond of chemical philosophy, he admitted that 
what he had written on magnesia alba ‘‘did not seem to 
have such a relation to medicine as the motive of the work 
required’ and he therefore ‘‘decided to preface it with some 
notes. . .on the acid humour arising from food, for which 
alone magnesia serves as a remedy.” These notes were 
omitted from the subsequent extended paper. That, at the 
outset at any rate, Black did not entertain any exagger- 
ated ideas as to the importance of his experimental work 
is evidenced by the following passage contained in a letter 
concerning his thesis which he wrote to Cullen from Edin- 
burgh under date 18th. June 1754:—‘‘What do you think 
of printing the experimental work in the Physical Essays 
here? If the experiments are worth anything they will be 
stolen by others; but yet I would rather have it so than 
make them public, unless you think it would be of some 
sort of service to me’ [Thomson’s “Life of Cullen,” Vol. 1, 
51 (1832)]. 


++ ooo + 


ON THE ACID HUMOUR ARISING 
FROM FOOD 


(CRUM BROWN’S TRANSLATION) 


AS I WAS thinking of this, my first little inaugural 
work, Magnesia Alba spontaneously presented itself, 
and the subject pleased me, chiefly because its simplic- 
ity makes it more easily adaptable to the prescribed 
limits, and more suited to my powers. But when I 
considered what I had written on it, it did not seem 
to have such a relation to Medicine as the motive of the 
work required, and I accordingly decided to preface it 
with some notes, as short as possible, on the acid hu- 
mour arising from food, for which alone magnesia serves 
as a remedy. 

The food mostly used by man is derived partly from 
animals, but chiefly from vegetables. 

But the nature of almost all vegetable matters is 
such that, when macerated in water, or dissolved in it, 
and kept at the temperature of the human body, they 
spontaneously fall into a certain internal motion, com- 
monly called fermentation, at the same time emit a 
great quantity of air, and at last are converted, wholly 
or in part, into an acid humour; and this change is ac- 
celerated by the addition of vegetable substances al- 
ready undergoing fermentation. 

Almost all the vegetables we eat are liable to corrup- 
tion of this kind; and indeed it will not be out of place 
to review them here in the order of their readiness to 
undergo it, putting first those which most rapidly be- 
come acid, and letting the rest follow according to their 


disposition to this change. But as I do not know of 
any observations or experiments hitherto made, which 
could give such an order absolutely, a short summary 
only of the observations bearing on the matter need be 
given; but, before doing this it is to be noted that the 
vegetable products ordinarily used for food may be 
divided into four classes: of which the first includes 
leaves and roots: the second fruits distinguished for 
sweet and saccharine juice, the product of nature or of 
art, as also their juice converted by fermentation into 
a vinous liquor: the third farinaceous seeds and the 
meal prepared from them in various ways: the fourth 
milk, which chiefly is formed from vegetables elabo- 
rated into a food most agreeable to nature. As far in- 
deed as experience has taught, leaves and roots taken 
into the stomach more frequently become acid. Of 
fruits and their fermented juices those are more liable 
to this corruption which contain a larger amount of 
water: indeed the fruits themselves ferment more 
quickly than even the vinous liquors. Of things made 
of meal, those most frequently ferment in the stomach, 
in which the particles of meal are least ground down 
and kneaded. Milk again seems to be of those most 
rapidly taken into the blood, and so more rarely be- 
comes acid in the intestines. 

All these things when they have once become acid 
are not only unsuitable for the proper nourishment of 
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the body, but are altogether hurtful to it, as sufficiently 
appears from the cases of those who have often and 
copiously drunk vinegar. 

Therefore the Creator has given man various organs, 
which no doubt have great and various uses, but seem 
chiefly to take care that this change, so injurious, does 
not occur to food taken into the body. Thus the 
stomach receives the food already acted upon by the 
saliva and smeared with much mucus from the fauces 
and oesophagus. In the stomach it is warmed at a 
mild and uniform temperature, protected from exter- 
nal air, agitated with a constant but gentle motion and 
compressed; it is gradually mixed with mucus and the 
copious liquid which exhales everywhere from the 
arteries; then brought down, by the successive con- 
traction of the fibres of the stomach into the duodenum, 
where it gradually imbibes the bile and is diluted with 
the pancreatic juice; next it slowly descends into the 
small intestines and receives much liquid and mucus 
from them; then at last it is caught up by the lacteal 
and other absorbent veins, mixed with a great quantity 
of lymph brought back from nearly every part of the 
body, and quickly carried into the blood; that by in- 
timate mixture with this fluid, and by very swift mo- 
tion, it may itself be converted into blood. 

These various liquids, properly mixed with food, are 
said in this way to hinder its fermentation: because, 
when they of themselves fall into corruption, it is of a 
putrid and alkaline kind, contrary as it seems to the 
acid, so that chyle made up of liquids so opposite to 
each other, cannot turn out to be of either kind; but re- 
tains its mild character for some time until it is carried 
into the stream of the blood. It seems to be also a 
special use of the cystic bile that by gently stimulating 
the intestines it gives them the due tension, and pre- 
serves their orderly motions. 

But still the mixture of these liquids would not suffice 
to hinder absolutely the fermentation of the food, if it 
were allowed to stagnate long in the stomach and intes- 
tines. Therefore stagnation and delay are hindered 
by the perpetual agitation of the stomach and bowels, 
originated no doubt by the motion of the surrounding 
parts, and constantly renewed by the successive con- 
traction of the fibers of the stomach itself and of the 
intestines, so that the food is continually mixed with 
the liquids, driven on, shaken, and forced to pass into 
the absorbent vessels; for that alternate and gentle 
pressure promotes its absorption is both agreeable to 
reason and is proved by the beautiful experiment of 
the distinguished Dr. Kaau, who made chyle itself and 
also water pass into the lacteal vessels from a portion 
of the small intestine of a dying or already dead dog by 
gently agitating it in imitation of peristaltic move- 
ments.* 

If we consider the process of digestion it will be clearly 
seen that bodily motion and exercise promote it, and 
hinder the fermentation of the food, but that on the 
other hand, rest and quiet should retard jt, and in a 
measure induce fermentation of the food: for: bodily 

* Kaau perspiratio dicta Hippocrati, parag. 483 et seq. 
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motion or exercise shakes the food, moves it on, in- 
creases its alternate compression and agitation, and so 
its absorption; also by increasing the velocity and force 
of the blood, it promotes the secretion of the various 
liquids which are of use in digestion. But inactivity 
and repose make the blood move more slowly: hence 
a smaller quantity of it flows through the glands, the 
liquids in them in a measure stagnate and thicken, 
every secretion, and so also that of the liquids that 
should be poured on the food, is diminished: the food 
moves more slowly along the alimentary passage and 
is less shaken; hence if there is delay and repose, there 
is less impediment to fermentation. 

And as the difference between a strong and a weak 
body is nearly the same as that between an exercised 
and an indolent body; the forces opposing the fermen- 
tation of the food must, celeris paribus, be stronger or 
weaker according to the vigour or debility of the whole 
body. 

In some bodies the action of digestion is performed 
with such force that it subdues the vegetable food most 
prone to fermentation and quickly turns it into good 
blood, but in others the action is so weak and imperfect 
that it is incompetent to digest it, it then ferments in 
the stomach, becomes acid, and the disease of which we 
are treating is produced. 

The weakness or defect of the actions by which di- 
gestion is performed may have as causes weakness of 
the whole body, want of motion and exercise, a disease 
of some viscera by which either the secretion of a liquid 
necessary for proper digestion is hindered or the pro- 
pulsion and absorption of the chyle is retarded, or 
lastly affections of the mind which often disturb all 
natural actions. Debility of the whole body often 
arises from a great loss of wholesome juices, or some- 
times from the suppression of some particular evacua- 
tion. Diseases of the viscera, which hinder the secre- 
tion of liquids or delay the progress of the chyle may be 
sometimes clammy mucus clogging the glands, schirrus, 
scrofula, and the like blockading the various organs of 
digestion. 

The fermentation of the food is a source of many ills; 
for the air, of which there is a great quantity given off, 
in its wanderings through the intestines, produces 
borborygmi and flatus, and sometimes inflations and 
enormous pains, as the intestine, constricted on both 
sides, including the air, denies it a vent. And indeed 
it seems likely that that air will be in all respects like 
every other air arising from fermenting liquids, and be 
full of a vapour so noxious to life that it suddenly suffo- 
cates animals that have breathed it, and therefore the 
spasms of the fibres of the stomach and intestines with 
which patients are very often troubled may' to some 
extent be produced by the action of this air on the 
nerves. 

There is indeed much of this air in food, as it is at 
first taken into the body, deprived, it is true, of elas- 
ticity, nor does it ever recover elasticity in a strong 
healthy body, but is carried together with the food into 
the blood, also along with it a quantity of air, by no 
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means insignificant, entangled among the food in the 
mouth, and thereafter deprived of its elasticity by the 
digestive forces. There is certainly air in blood and 
in all liquid secretions. A great quantity can be ex- 
tracted from the solid parts by means of heat, so that 
it must also be in the nutrient liquid: hence it appears 
to be necessary for the proper composition of all these 
things. 

It is not to be doubted indeed that this air, exten- 
sively united with every part of our body, serves many 
great uses; nor is it to be supposed that its absence 
could be borne without inconveniences: but we do not 
seem to know what its use is, or what are the inconveni- 
ences that would result from its absence. Perhaps 
some of the colour of the blood and the solidity of its 
globules may be due to it, and perhaps its presence 
may make the blood more fit to stimulate gently the 
nerves so that a certain alacrity and vigour may be 
imparted to the vital and to the natural actions. 

Those who suffer from acid have always a weak pulse; 
and daily becomemore languid, inert, and weak; the solid 
parts of the body become flaccid, the blood becomes 
pale and as it were vapid; all these symptoms may 
perhaps be ascribed to some extent to a deficiency of 
air in the blood and humours. 

The acid when formed, is often eructed into the 
mouth, where it annoys the wretched patients with its 
very offensive taste and smell. By irritating the very 
sensitive entrance of the stomach it causes pain, burn- 
ing the pit of the stomach, and, from the sympathy of 
this with the head, also headache and redness of the 
face. Mixed with new food it then acts as a ferment, 
so that this goes to the same corruption. Hence good, 
well prepared chyle is scarcely to be looked for; hence 
the blood, its source being depraved, itself becomes 
worse; and in a measure the whole body becomes pale, 
enervated, and thin: the organs of digestion themselves 
at the same time are weakened, and the disease itself 
increases. Meanwhile the quantity of acid increases 
daily, becomes more pungent by stagnation, irritates 
the stomach, creates a feeling of pain and hunger, which 
yet is little relieved by taking food. 

If the acidity attains a higher degree it eludes the 
apparently very efficacious digestive action of the bile, 
making the bile, already very inert, more inert still, 
giving it that green colour, which it acquires when 
joined with any other acid; thence brought into the 
intestines it stimulates them, causes diarrhoea, with 
green feces smelling manifestly of the acid: and then, 
the disease daily increasing, the digestive powers are 
so diminished that food, scarcely changed, passes 
through the whole intestinal canal, and lientery at 
length so overwhelms the wretched patient that, as 
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by starvation, he is wasted almost to a skeleton. 

The diagnosis and prognosis are sufficiently shown 
by what has been said. The cure is to be set about. 

I. By changing or absorbing the acid. 

II. By purifying the organs of digestion, and de- 
priving them of the impure products of fermentation. 

III. By forbidding foods liable to become acid, and 
in their place giving such as are easily digested. 

IV. By strengthening and assisting the organs of 
digestion, and removing everything that impedes their 
action. 

The acid is changed by alkaline salts and absorbent 
powders: these indeed unite with the acid to form a 
tertium quid, yet quite diverse from them both. 

The primae viae are to be cleansed by a mild emetic 
or cathartic, selected from the aromatic, stimulant, 
strengthening bitters. For this in the first place aloes 
and rhubarb present themselves. 

Magnesia alba answers both purposes, if administered 
with a pleasing aromatic. 

As to diet, those vegetables which are more prone to 
fermentation are to be avoided, and animal food 
chiefly used, as it neither has this fault nor is difficult 
of digestion: and indeed of animals, or parts of them, 
those are to be chosen which are either naturally most 
easily digested, or can be made so by art. Such food 
to be taken in small quantity but often. 

The organs of digestion are to be strengthened and 
helped by gently astringent and stimulant remedies, 
chalybeates, bitters, aromatics, pure wine, inspissated 
ox gall. Bitters seem in the first place suitable for 
this business, for they powerfully inhibit fermentation, 
and, by a certain stimulus, not unlike the stimulus of the 
cystic bile, incite the action and the movements of the 
intestines. 

If digestion takes place languidly on account solely 
of the weakness of the whole body, the body must be 
brought back to health in divers ways, as the general 
debility arises from divers causes: for if it proceeds 
from a great loss of wholesome juices, the body is to be 
succoured by again gradually restoring it by the use 
of easily digestible food, or also of gently strengthening 
medicaments, which promote digestion: if it has taken 
its rise from the suppression of particular evacuations, 
these are to be again restored. 

When digestion is languidly performed on account of 
lack of motion and exercise, the treatment is obvious. 
If again this disorder arises from the disease of an or- 
gan which takes part in the formation of chyle, this is 
to be diagnosed and treated according to its nature. 

If from affections of the mind; these are to be allayed 
and at the same time orderly emotions restored by 
stimulant, aromatic, rather fetid medicaments. 





NEW MODELS OF OLD MOLECULES—A Correction 


The illustration, Figure 2e, page 130 of Volume 12 of Tuts JourNAL (March, 1935) is marked “ethyl alco- 
hol, acetone, and acetic acid.” The label should read ‘‘ethyl alcohol, acetaldehyde, and acetic acid.” 
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Y THE “individual laboratory method’ is 
meant the performance of experiments, dissec- 
tions, or investigations by the students in- 

dividually, following directions printed in a laboratory 
guide, given upon mimeographed sheets, written upon 
the blackboard, or presented orally by the instructor. 
When completed, the exercise is “written up’ by the 
student and handed to the instructor, who reads and 
approves, or hands it back for correction. The re- 
quirements for ‘‘writing up’”’ an experiment vary with 
the instructor, some requiring a detailed account of the 
materials used, a drawing of the apparatus, a descrip- 
tion of the method of procedure, a computation of 
results from the data taken, and answers to pertinent 
questions asked in the directions given. Some instruc- 
tors demand that the results obtained fall within an 
allowed per cent. oferror. Other teachers are much less 
exacting in their requirements, expecting only a draw- 
ing of the apparatus used, or the dissection made, and 
answers to the questions asked, with a computation of 
the results from the data. 

The effectiveness of any method of instruction is 
best determined by comparing its results with those ob- 
tained by use of some other method. The results of 
several other methods of laboratory instruction have 
been compared, more or less scientifically, with those of 
the individual laboratory method. Three of these 
which are in use at the present time are the lecture- 
demonstration, the group-experiment or lecture-labora- 
tory, and the class-participation methods. These will 
be described as they are discussed later in the paper. 


HISTORICAL 

It will be of interest to review briefly the progress of 
the adoption of the individual laboratory method in the 
schools of this country. 

E. R. Downing, in the Journal of Higher Education, 
states: “‘Amos Eaton in the Academy at Albany, 
N. Y., Griscom, in a private boys’ school in New York 
City, and Holbrook in the Agricultural Seminary at 
Derby, N. H., were using the laboratory method as 
early as the third decade in the 19th century. Ap- 
parently the efforts of these men were fruitless. Its 
general introduction did not occur until about seventy 
years later.”! The first chemical laboratory was 


1 Downline, E. R., ‘‘Methods in science teaching,” J. Higher 
Educ., 2, 316-20 (June, 1931). 


established at the University of Pennsylvania in 1835. 
President Eliot, of Harvard University, has stated: 
“When I was a student at the Harvard College (about 
1850) there was not a single laboratory open to the 
students on any subject, either chemistry, physics, or 
biology.”* The foundation of the Rensselaer Poly- 
technic Institute in 1825, the Lawrence Scientific 
School in 1847, Sheffield, at Yale, in 1860, and the 
Massachusetts Institute of Technology in 1862, all 
served to hasten the establishment of laboratories, as 
each of these encouraged laboratory demonstrations 
and individual work by the students.’ 

It was not until the late 1880’s and the early 1890’s 
that laboratory work in the sciences was quite generally 
adopted by the universities and colleges of the country. 
The early years of the present century witnessed the 
installation of laboratories and laboratory work in a 
great majority of our high schools. 

The biological sciences were the first to become well 
established and it was a common sight in our secondary 
schools to see the students laboriously dissecting angle- 
worms, crayfish, locusts, and the like. In botany it was 
much the same, dissecting of roots, stems, leaves, and 
flowers, then tracing the plants from family down to 
species and memorizing the accompanying Latin names. 
Much of the course in physiology consisted in learning 
the names and locations of the bones of the body, the 
muscles, and internal organs with their functions. The 
courses in physics and chemistry were quite similar, 
much detail being given to exact laboratory determina- 
tions with the purpose in view of obtaining results 
which would be within an allowed per cent. of error. 
Then came the period of reaction with its accompanying 
results, which will form the thesis of this paper. 


THESIS 


During the period of the almost universal adoption 
of the individual laboratory method the aim of educa- 
tion, in the minds of the instructors, seemed to be 
specialization, or the mastery of the subject: for the 
subject’s sake alone. Early in the present century 
many teachers and a few of our leading educators 
began to question the validity of such an aim for 
education. Among other common practices, the labo- 

2 NoLL, V. H., “Science teaching on the college level,’”’ Nat. 


Soc. for the Study of Educ., 3lst Year Book, Part I. Public 
School Publishing Co., Bloomington, Ill., 1932, pp. 305-24. 
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ratory method in science courses became the target for 
their criticisms. 

As early as 1900, Professor F. D. Barber, of the 
Illinois State Normal University, at Normal, Ill., had 
begun to question the effectiveness of this method with 
his classes in physics and chemistry. . He soon had 
reduced the individual laboratory work to compara- 
tively few experiments which required relatively simple 
apparatus. The other experiments were performed by 
the demonstration or the lecture-demonstration method 
which had been the accepted procedure of science teach- 
ers before the wave of individual laboratory work had 
swept over the country. Mr. Barber maintained that 
his students mastered the work as well or better by 
using the latter method and they did it in much less 
time, thus permitting them to cover more subject 
matter. Kiebler and Woody* define the demonstra- 
tion as a method where ‘“‘the instructor, with the aid 
of one or more students, demonstrates the experiment 
and the students get its import through observation 
and discussion rather than through actual perform- 
ance.” The same preliminary preparation is made by 
the class and the same after procedure follows as when 
the individual laboratory method is used. 

About this time other men in different parts of the 
country were making like investigations and arriving 
at the same conclusions. But it was not until 1918 that 
an attempt was made to compare these two methods 
scientifically. This investigation was made in the 
McGuffy High School, of the Miaini University, 
by W. H. Wiley.‘ The investigation was quite faulty 
when viewed scientifically and it gives the careful 
reader the impression that the author performed the 
experiment with a pre-formed conclusion of what the 
results would be. It finds the individual laboratory 
method superior to the lecture-demonstration. Since 
1918 there have been. more than twenty investigations 
made that have been printed, besides numerous others 
whose.authors have not cared to offer them for publica- 
tion. The printed investigations are listed by Down- 
ing! and also by Payne,® and they will not be repeated 
here. There are but three of these whose findings 
favor the individual laboratory method. These were 
made by Wiley,* Horton,® and Hurd.’ Hurd’s investi- 
gation was made with classes in human anatomy, and 
one may understand that in such work individual 
performance may be advisable. 

The conclusions of other investigators all show the 


* KIEBLER, E. W. anp Woopy, C., “The individual laboratory 
versus the demonstration method in teaching physics,” J. Educ. 
Research, 7, 50-8 (Jan., 1923). 

4 Wiey, W. H., “An experimental study of the methods in 
teaching high- school chemistry,” J. Educ. Psychol., 9, 181-98 
(Apr., 1918). 

5 Payne, V. F., “The lecture-demonstration and individual labo- 
pod methods ‘compared, ” J. Cuem. Epuc., 9, 9382-9 (May, 

6‘ Horton, R. E., ‘‘Measurable outcomes of individual labo- 
ratory work in high ‘school chemistry,” Teachers College, Colum- 
bia University, Bureau of Publication, New York City, 1928. 

7 Hurp, A. W., “Problems of science teaching at the college 
level,”’ Univ. of Minn. Press, Minneapolis, 1929. 
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superiority of the lecture-demonstration method in the 
immediate and delayed retention of information, the 
general appreciation of the acquisition of knowledge, 
the time saved, and in cost. Payne, in his investiga- 
tion, states that as much can be accomplished by the 
lecture-demonstration in two-thirds of the time and at a 
cost of only one-fifteenth as much for apparatus as by 
the laboratory method.’ To acquire technic in the 
handling of apparatus, the individual laboratory 
method seems to be superior. The question which 
arises here is whether the aim of secondary education is 
to prepare laboratory technicians. 

But other methods of science instruction have been 
placed in competition with the laboratory method. 
Professor J. M. Jameson, of Gerard College, Philadel- 
phia, Pa., states that he has supplanted the individual 
laboratory method by the group experiment or lecture- 
laboratory method of instruction. He has used this 
method for a number of years with his classes and has 
thoroughly convinced himself of its superiority over 
the conventional laboratory method, in the acquisition 
of knowledge by the students, in the saving of time, 
and in the reduction in cost. This method is a varia- 
tion of the lecture-demonstration in that the work is 
performed in the laboratory by groups working at a 
single piece of apparatus, the instructor passing from 
group to group to make suggestions and to give help 
when needed. The entire class may form the group if 
desired. Complicated pieces of apparatus may be set 
up before class time by some member or by the instruc- 
tor. 

The last method to be considered which has been used 
to supplant the individual laboratory has been called 
the class-participation method. It is the writer’s own 
method which has been used since 1915, with what he 
considers the greatest success. He has used this 
method with both high-school and college classes in 
physics. It may be considered another variation of the 
lecture-demonstration, but the writer believes it em- 
braces the best in both the lecture-demonstration and 
the individual laboratory methods. It may be used in 
the laboratory or at the lecture table. The experiment 
is assigned a day in advance and the students have sup- 
posedly mastered the theory involved and know the 
steps in the procedure. The apparatus to be used is set 
up before class time by the instructor or by some mem- 
ber of the class. When the class assembles, a brief 
quiz covering the steps in the procedure is given. 
Suppose that Boyle’s Law is to be tested. After 
making sure that the class comprehends the procedure, 
the first step is taken and two students are asked to take 
the readings. Then the second step is taken and an- 
other two students take the readings. This continues 
until all the readings have been made, which brings 
from eight to twelve of the class members into active 
participation in the performance of the experiment. 
Of course each member of the class records the data as 
taken. Throughout the procedure questions are asked 


8 JAMESON, J. M., “Artificial crutches in traditional science 
teaching,”’ Sch. Sci. Math., 31, 408-16 (Apr., 1931). 
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by students and teacher and all points of doubt are 
made clear. If time permits, the results are computed 
from the data by each student and these are compared. 
If time does not permit, the computation of the results 
is made at home and used in the recitation on the 
following day. 

. The writer has checked this method against the indi- 
vidual laboratory method in many ways and with 
many classes, not with his own students alone, but 
with those who had taken part of their work with other 
instructors. The results have shown its superiority 
in the acquisition of information and its retention, 
in the appreciation of the knowledge gained, in the 
time saved, and in the cost for apparatus. He also 
has the testimony of nearly a thousand students as to 
its superiority. ‘His student teachers, who go out to 
teach physics, are thoroughly familiar with this method 
and they enthusiastically adopt it in their teaching. 
Another advantage of this method is that it permits ex- 
perimentation or recitation work to be given whenever 
the progress in the work demands it. Neither is limited 
to certain days of the week or to particular rooms. 


CONCLUSION 


Before the individual laboratory method is pro- 
nounced wholly ineffective in science courses, there are 
a number of factors to be taken into consideration. It 
made its appearance before this country was entirely 
out of the formal discipline period of its educational 
development. The aim of the college at that time was 


to produce scholars, rather than good citizens with a 
broad understanding and a fuller appreciation of their 


environment. The method was handed down bodily 
to the secondary schools, and science teaching in 
these institutions has paid the penalty since then. 

F. D. Barber made a study in 1915 in which he deter- 
mined the percentage of loss or gain of pupils electing 
the science subjects in the high schools of the United 
States in 1910. These results were appalling to many. 
They showed a loss in all subjects except chemistry, 
agriculture, and domestic economy, some of the losses 
being as large as 59%. R.K. Watkins reports a similar 
study of more recent date.® This report states that the 
number of pupils enrolling in the natural sciences in the 
high schools of this country since 1910 shows a decided 
falling off as follows: in 1910, 82%; in 1928, 61%. 
The decreases in the physical sciences from 1910 to 
1928 have been as follows: in physics, from 14.6% to 
6.9%; in physical geography, from 19% to3%; chem- 
istry, showing a slight gain from 6.89% to 7.1%. 
Watkins states: ‘Enrolments in chemistry are prac- 
tically at a standstill. Physics enrolments are still 
declining somewhat.” Doubtless many factors have 
helped to bring about the conditions stated above. A 
few of these are the introduction of the vocational 
subjects, a greatly increased and less selected enrolment 


® Warxins, R. K., “Instruction in physical science in the 
secondary schools,’’ Nat. Soc. for the Study of Educ}, 3lst Year 
Book, Part I. Public School Publishing Co., Bloomington, IIl., 
1932, pp. 243-80. 
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in our schools, the impression that some of these sub- 
jects are difficult and that others are dry and uninterest- 
ing, and the method used in presenting the subject 
matter. 

The individual laboratory method is not wholly in- 
ferior and many of the investigations which have been 
made, showing its inferiority, are open’ to criticism. 
F. A. Riedel points out some of their weaknesses to be 
the shortness of time covered by the investigation, 
the inexperience of the one making the investigation, 
the limited number of experiments used, the narrow 
limits of the subject matter covered, the same investi- 
gation not performed by more than one person, and 
all the data involved not shown in the report so that it 
might be checked.!° But the fact that the conclusions 
of the great majority of these investigations agree, and 
the fact that these conclusions are in practical agree- 
ment with the opinions of instructors who have made 
similar studies over a long period of years, with the 
varying classes as they came, would seem to give 
considerable weight to them. Isn’t it true that the 
point of view of the aim of education is changing and 
that another method of presentation of science sub- 
jects is better suited to the changing point of view? 

The aim in presenting a course and the method em- 
ployed by the instructor have a close relationship. 
Until our science instructors concede that the aim of 
secondary education is to produce happier and more 
appreciative citizens, the methods used by them will 
be of the specialization type. But until the colleges 
and universities, which are producing the teachers for 
our secondary schools, accept the same aim for educa- 
tion, progress in methods of more effective science teach- 
ing will be slow. That some of our institutions of 
higher learning are changing their points of view rela- 
tive to the aim of science teaching is evidenced by the 
fact that Indiana and Purdue Universities are using 
the lecture-demonstration method in the beginning sci- 
ence courses, Princeton University inaugurated this 
procedure in 1931,5 and the University of Minnesota 
has reduced its hours of individual laboratory work and 
is introducing the demonstration method. 

The conclusions arrived at by the tests and investiga- 
tions referred to briefly in this paper certainly offer a 
challenge to all institutions which ‘are preparing teach- 
ers of science to go out into our secondary schools. 
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SIMPLE SODIUM PRESS 
M. W. PARKER ann C. E. WHITE 
University of Maryland, College Park, Maryland 


OME of the sodium presses listed in the apparatus 
catalogs for twenty-five or thirty dollars are of 
fragile construction and easily broken. The one 

described here can be obtained at any machine shop for 
about two dollars and a half and is extremely durable. 

The accompanying diagram is_ self-explanatory. 
The piston and cylinder are of the usual type with the 
exception that the extrusion hole is bored in the side 
of the cap instead ef the bottom. This permits its use 
in an ordinary vise, the jaws of which open wide 


enough to accept the extended piston. 
use one purchased for about five 
dollars. Cylinders of greater diam- 
eter may be used and caps provided 
with holes of different size and 
shape. A small hydraulic press 
may be employed instead of the 
vise. It might be noted that a 
loose-fitting piston is preferable to 
a tight one; the sodium fills in the 
space and prevents binding on the 
cylinder wall. This allows the 
piston to be removed much more 
readily than when it is _ too 
tight. 


The authors 








ELEMENTARY LABORATORY 


INSTRUCTION* 


A Critical Analysis of dims, Methods, and Accomplishments 


W. R. CARMODY 


Department of Chemistry, Reed College, Portland, Oregon 


INTRODUCTION 


URING the past few years attacks on the 
economy of elementary laboratory instruction 
have become more and more frequent. Much 

has been written and some experimental evidence 
has been obtained in favor of the lecture-demonstra- 
tion method and doubt is being cast on the fruitfulness 
of individual laboratory work. I was induced to 
speak on this subject this evening because, although 
I do not believe that lecture demonstration can take the 
place of or fulfil the purposes of laboratory instruction, 
I feel that they are not too often attained in the usual 
laboratory course itself; and that, unless there is a 
clarification of the objectives of laboratory instruction 
and a housecleaning of the experiments and teaching 
methods employed for attaining them, more and more 
evidence and sentiment will be obtained in favor 
of the lecture-demonstration method. 

It seems to me, therefore, worth while to survey 
critically the objectives of elementary laboratory 
instruction and the methods of realizing them and to 
point out uncertain practices that have attached them- 
selves to the traditional laboratory course, and possibly 
to suggest methods for better realizing the purposes of 
individual laboratory work. 

Although nearly a score of years has passed since such 
contact as a student was made, a memory of my first 
adventure in elementary laboratory work I believe to 
be of some importance in designing a laboratory course 
for others. In elementary instruction, within the 
laboratory or without, it is highly important that the 
interests and advancement of the student be apprecia- 
ted and ever kept in mind. Much of the difficulty 
encountered with correspondingly poor results in ele- 
mentary laboratory instruction is the result of over- 
looking this important fact. The methods of labora- 
tory instruction and the experiments in general use 
today are practically the same as they were fifteen or 
twenty years ago. Any firmly rooted opinion or 
reaction fresh in the memory after a lapse of fifteen 
years ought to be worthy of consideration. 


OBJECTIVES 


According to Payne [J. Cem. Epuc., 9, 933 (1932) ] 
some agreement has been reached among teachers of 
* Contribution to a symposium on Elementary Laboratory 


Instruction conducted by the Oregon Section of the American 
Chemical Society, October 27, 1934. 


chemistry on the objectives of laboratory instruction. 
It is quite probable, however, that no general agree- 
ment could be reached on the relative importance of 
each or how it might be attained. With some con- 
sideration as to importance, I have classified the objec- 
tives of elementary laboratory instruction as follows: 
To furnish to students opportunity to: 


1. Develop interest in experimental work. 

2. Develop training in the logical or “‘scientific’”’ 
method of experimentation and thinking. 

3. Develop facility with and appreciation of or 
feeling for laboratory experimentation. 

4. Develop knowledge of and familiarity with sub- 
stances and phenomena by first-hand study. 


In the above classification the “development of 
interest’’ in laboratory work is placed first not because 
it is considered to be the final or most important objec- 
tive, but because it is considered to be most important 
to the success of the laboratory course as a whole; so 
important that, if omitted from consideration in the 
design of a course, the other objectives might well be 
sought in vain. 

Similarly, the “development of knowledge’ is placed 
last, not because we do not appreciate that it is the real 
objective of most experimental work, but to illustrate 
the complete dependence, pedagogically, of its realiza- 
tion upon the attainment of the objectives listed above 
it. One experienced in laboratory instruction has had 
demonstrated many times that, unless an interest in 
and a feeling for a subject is developed, any facts or 
principles learned have little or no significance to the 
learner and are usually forgotten overnight. 

The ordinary student registering for the elementary 
chemistry course is only mildly interested in the sub- 
ject. He may be taking it for one of many reasons, 
only one of which is that he has already developed a 
fascinated interest in laboratory work. One of the 
major problems of the elementary chemical laboratory 
course is the development of this interest which, as I 
have suggested, is all-important to successful laboratory 
work. 

The incentives to interest in experimental work may 
be classified as follows: 

1. Natural curiosity—the desire to know about 

things going on about us. 

2. Pride of accomplishment. 

(a) Development of an art (physical training). 
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(0) Attainment of knowledge (mental training). 
(c) Obtaining a worthy result (necessitating 
both physical and mental training). 


I believe that the most important single item essential to 
the success of a laboratory course is the development in 
students of the ‘‘pride of accomplishment’ attitude toward 
their work. With it the course has balance and reason. 
Without it the students might as well be plowing 
fields or digging ditches. This attitude can be started 
very early in the course by lecture quotations, and by 
laboratory discussion and criticism. However, it 
will be developed and bear fruit in the laboratory work 
only if the objectives of the course in general and of each 
experiment in particular are fully comprehended and 
appreciated not only by the instructor but by the 
student as well. Little satisfaction can be obtained 
from the accomplishment of a task the objective of 
which is haphazard or not clearly understood. Methods 
of impressing these objectives into the consciousness of 
students by careful attention to experiment design will 
be considered. 


EXPERIMENT SELECTION AND DESIGN 


Every laboratory instructor ought to know that the 
final material results of an experiment—a piece of ap- 
paratus set up, a compound prepared, an unknown 
solved, or a quantitative result obtained—lose all 
significance, become of no value whatsoever, the 
moment the experiment has been checked. Yet the 
title, expressed object, and whole design of numerous 
elementary experiments indicate the laboratory result 
to be most important and to have permanent value. 
Educational principles are grossly neglected when the 
“object”’ of an experiment, as far as the student can 
make out, is to obtain a certain answer or a certain 
laboratory result. A title such as “To Determine the 
Atomic Weight of Copper” certainly does not express 
the true object of the experiment. Can one wonder 
that the answer alone becomes the important objective 
in the mind of the student? 

On the other hand, a stated object such as ‘““To Study 
the Principles of Atomic Weight Determination and 
to Develop Technic in Accurate Quantitative Experi- 
mentation’’ serves to impress on the student the true 
objective and what he might expect to obtain of per- 
manent value from the performance of the experiment. 
It indicates to the student that the most important 
part of elementary experimentation is the development 
of method (the method of thinking and the method of 
doing) and the ideas acquired; in a word, that the 
change occurring within the mind and body of the 
student, not within the test-tube, is important. 

The careful selection of material or experiments for 
the experimental work is important to the success of a 
laboratory course. I believe that an experiment should 
be selected and designed to accomplish one objective 
only. When too much is attempted, confusion may 
result with little accomplished. For example, an ex- 
periment involving new and difficult technic should 
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deal only with well-known chemical reactions, while one 
principally concerned with the study of new chemical 
reactions and principles should not involve a difficult 
technic. Experiments involving complex or uncertain 
objectives and numerous others more adaptable to lecture 
demonstration than to individual laboratory work should 
not be included. Examples of such experiments are 
the preparation and properties of halogens or other 
gases except oxygen; ionization, conductivity, hy- 
drolysis, electrolysis, hydrogen-ion, or other physical 
chemical experiments; and detailed qualitative analysis. 

According to the objective desired, experiments may 
be classified into three types: (1) to furnish training in 
logical methods, (2) to develop laboratory technic, and 
(3) to develop knowledge of chemical phenomena. 
Type (1) comprises ‘‘in the dark’’ experiments, prob- 
lems, and unknowns. Type (2) includes quantitative 
determinations and experiments requiring difficult 
manipulation. Type (3) includes particularly the 
“information” type of experiment. 

1. Method-training Experiments.—There is interest 
value and also educational value in test-tube or other 
method-training experiments, the results of which are 
unknown to the student before the experiment is under- 
taken. The interest is aroused by a normal curiosity 
over what the result is going to be. The educational 
value is derived from the necessity for the student to 
make observations and deductions unaided by previous 
knowledge of the particular reaction studied. How- 
ever, one should not expect students to develop much 
interest in or obtain much of value from directed test-tube 
experiments, half or more of the results of which are 
already known to him. “In the dark” experiments 
should be as much as possible actually in the dark, or 
they have very little value from any standpoint. They 
have no “interest value’ and have in fact negative 
educational value, since the student is tempted to put 
down his preconceived ideas of the results in place of 
those observed. 

Altogether too much stress can be put on this type 
of experiment. One or two placed near the beginning 
of the course are both necessary and sufficient to in- 
culcate habits of scientific experimentation, but such 
work may very well and often does become a mere cata- 
loging of results and equations, which, once put in the 
laboratory notebook, lose significance for the student. 
Only the trained experimenter can continue to work 
“in the dark”’ for very long without losing interest in his 
experiments, and he has plenty of incentive supplied by 
the general aspects of his problem and a more or less 
definite objective. 

‘“‘Problems’’ and ‘‘unknowns’’ may be classed also as 
‘“‘method-training” experiments, and the same general 
principles apply. They offer the student the oppor- 
tunity to plan and develop his own experiment and 
carry it out to completion. If they are to have either 
interest or educational value they must be problems 
and unknowns in fact, which the student is to solve 
unaided by many suggestions from laboratory manual 
or instructor. Directions should be at a minimum, 
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only enough to suggest the general aspects of the 
laboratory problem. Nothing is more deadening to 
interest than the fully detailed experimental outline 
with spaces to be filled in by the student with ‘‘results.”’ 
If forced to choose between the two extremes—all 
directions or no directions—I would seriously consider 
turning the student loose sans laboratory manual, but 
with a competent instructor, into a laboratory well 
supplied with chemicals and apparatus. 

2. Technic-training Experiments.—Technic-training 
experiments include simple glass-working, setting up of 
apparatus, use of instruments and apparatus (such as 
the balance), and development of quantitative technic. 
As previously indicated, such experiments may well be 
placed near the beginning of the course, and, although 
they may be used to illustrate simple reactions, they 
should involve no complicated principles or reactions 
which might be confusing to the beginning student. 

It is essential for the success of this type of experi- 
ment especially that the objectives be fully appreciated 
by the student and that pride be developed in the 
attainment of a precision technic. A great part of such 
experimental work being done at the present time in 
elementary laboratories I believe to be an absolute 
waste of time. A student might make a thousand 
bends and set up a thousand pieces of apparatus with 
no permanent acquisition of value unless pains be 
taken to improve technic, and pride be taken in the 
result. Pride in accomplishment is essential, and it 


can be inspired in a hundred ways, by the atmosphere 


of the laboratory, by the attitude of the instructor, 
and by the design of the experiment. 

3. The “Information” Experiment.—In considering 
type 3, the “information” experiment, one should not 
forget that an isolated chemical fact is usually not 
interesting in itself. Its interest depends upon its 
significance to or relationship with some other fact or 
group of facts or its use as an example of some principle 
or generalization. Likewise, we find it difficult to 
remember an isolated fact or a series of unrelated 
facts. We remember data only when we can correlate 
them with one another or with some general scheme in 
which they are significant. 

These principles have been demonstrated to the 
speaker by tests given to ascertain the information re- 
tained by entering second-year chemistry students. 
Year after year these students have retained very 
little or no information acquired from an experiment 
performed in the previous year in which, following the 
detailed directions of the laboratory manual, they 
mixed a solution of “A” with a solution of ‘““B” and 
obtained result ‘‘C” and wrote equation “D.” A stu- 
dent logically may answer an inquiring teacher, ‘No, 
I don’t remember the result of mixing solution A with 
solution B. Why should I?” As an _ unrelated, 
isolated fact, it would probably not be worth remember- 
ing. 

On the other hand, when questioned concerning an 
experiment which involved a group of reactions which 
were generalized, compared, and contrasted after thor- 


235 


ough study in the elementary laboratory, second-year 
students have demonstrated not only an understanding 
of the principles studied but also knowledge of the de- 
tailed reactions involved in the study. 

As has been recently pointed out by Bateman in the 
October, 1934 number of the JouRNAL OF CHEMICAL 
EDUCATION, designers of elementary courses, as a group, 
have shown almost complete disregard for these points. 
Information (test-tube) experiments, each of which 
may have no relationship with the experiment preced- 
ing or the one following, have been designed to occupy 
one laboratory period. They have filled laboratory 
periods with so much experimental work, each experi- 
ment being regimented to a certain period, that no time 
is left for a consideration of the significance of the work 
or a discussion of it with the instructor. 

I can find no objective in that kind of laboratory work 
(one cannot call it “‘instruction”). It certainly fur- 
nishes no training in logical or independent experimen- 
tation and offers very little if any opportunity for the 
permanent acquisition of significant information. 

In an effort to accomplish the real objective of the 
permanent acquisition of significant information, I 
submit what may be called the “information-study”’ 
type of experiment, designed to occupy the attention 
of the student, working at his own pace, for five or six 
laboratory periods. As with the “problem” experi- 
ment, few directions are given, only enough to suggest 
the possibilities of the experimental study. It has 
been suggested that the laboratory work, especially 
toward the end of the study, might be slipped over 
carelessly or neglected altogether. The danger of 
such practice is slight, I believe, when this type of 
experiment is given in the second half of the course and 
after the objectives are firmly implanted into the 
consciousness of the student. When “‘first-hand cor- 
related knowledge” is recognized to be the objective of 
this ‘‘study” experiment, satisfaction will be obtained, 
and interest lags only after all the suggested points are 
carefully studied in the laboratory. 


INFORMATION-STUDY EXPERIMENT 


LABORATORY AND LIBRARY STUDY OF THE GENERAL 
CHEMISTRY AND REACTIONS OF THE COMMON ACIDS 


Laboratory work is to be completed without reference to text, 
notes, or library. 

Principal acids of the laboratory and of industry are hydro- 
chloric, nitric (dilute and concentrated), and sulfuric (dilute 
and concentrated). Important reactions of these acids involve 
the following classes of substances: 


1. Elements (metals and non-metals) 
Examples: Cu, Pb, Al, Fe, Zn, C, S, Ag 
2. Oxides, hydroxides, and peroxides ; 
Examples: PbO, PbO., CuO, Fe,0;, ZnO, Mn 
8. Salts (soluble and insoluble) 
Examples: NaCl, NaAc, BaSO;, BaSQ,, KI 


GENERAL DIRECTIONS 


(1) Use small quantities. If no reaction takes place in the 
cold, heat carefully. Recover products in pure form wherever 
practical. Record all observations and results to correspond to 
each treatment. 
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(2) Submit for criticism of the instructor. 
(3) Interpret each result, write in equations you have pre- 
viously encountered, and submit for criticism. 

(4) Consult references for remaining equations, include 
references (for each equation), and submit for final criticism. 


EXPERIMENT 


1. Study the chemistry of hydrochloric acid. 
2. Study the chemistry of sulfuric acid (dilute and conc.) 
3. Study the chemistry of nitric acid (dilute and conc.) 


Be prepared to report orally on the following: 


(a) Acids and oxides—general reactions—specific reac- 


tions. 

(b) Acids and metals—general reactions—specific reac- 
tions. 

(c) Acidsand salts—principles involved. 

(d) Summary of oxidation-reduction properties of the 
acids studied. 


SUPPLEMENTARY STUDY SUGGESTION 


Suggested topic for paper: 
Acids in industry. 


EXPERIMENT ORDER 


It is reasonable that in laboratory as in lecture, no 
student should encounter complex chemical reactions 
until he has been well introduced into the principles of 
experimentation and has developed some facility for the 
subject. The speaker holds no brief for the laboratory 
manual that starts out with an experiment involving 
chemical reactions, sometimes with gaseous or other 
products, the identities of which are to be “‘proved’”’ by 
the student who may have had no experience in identi- 
fying either reactions or substances. 

Experiments designed to develop correct methods of 
observation and of experimentation and experiments to 
develop facility in setting up apparatus should be 
placed early in the course. These, along with quantita- 
tive technic experiments, all of which require consider- 
able time and a certain amount of instruction and super- 
vision but which involve no complex chemical reac- 
tions, may well comprise the whole of the first half. 
The student so trained can be expected to devote most 
of his attention during the second half year to the study 
of chemical reactions, unconsciously using methods and 
training acquired during the first half. 

Finally, during the last few weeks of the course, when 
the most important chemistry has been studied in 
lecture and in laboratory, laboratory problems neces- 
sitating the use of knowledge and technic may be in- 
cluded, in order to offer the student opportunity to 
apply what he has assimilated during the course. 
These problems may include “unknowns” requiring 
simple qualitative tests, semi-quantitative preparations 
of inorganic compounds, or “what can be done” with 
selected raw materials. They may be regarded as part 
of the regular work or may be set up as laboratory ex- 
aminations on definitely assigned laboratory periods. 
We at Reed College have found that an unusual degree 
of interest is stimulated when these are issued on definite 
days and regarded as “laboratory examinations.” 
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ELEMENTARY QUALITATIVE ANALYSIS 


The extent to which qualitative analysis should be 
incorporated in the elementary chemistry laboratory 
course is a subject upon which there are differences of 
opinion and about which much has been said. The 
subject is of such importance as to demand consider- 
able attention in a survey of elementary laboratory 
methods. 

The qualitative analysis work has been and should 
be placed at the end of the year after the important 
reactions and principles have been studied. I am 
thoroughly convinced that it should include only simple 
tests and simple “unknowns” involving chemistry well 
known to the student. Separations requiring detailed 
directions and involving principles only partly under- 
stood and reactions encountered only once or twice 
previously are of doubtful value from the interest as 
well as from the objective standpoint. 

It is a recognized principle of scientific investigation 
that one factor alone should be varied at a time, yet in 
first-year detailed qualitative analysis, the student en- 
counters in the same experiment and at exactly the 
same time two variable or uncertain factors; viz., the 
analytical procedures and the chemical reactions and 
principles involved in the procedures. 

It may be argued that the reactions and principles, 
or at least most of them, have been covered in class 
work; that the student has seen them demonstrated by 
lectures and possibly discussed them in class for the 
first two-thirds of the year, and, therefore, should be 
able to apply them in detailed qualitative analysis dur- 
ing the last third of the year. My answer, based on 
experience, is that he is not able to do so. After five 
months’ contact with chemistry in lecture, labora- 
tory, and class, the good student knows a good many 
chemical reactions and chemical properties and a few 
principles and generalizations. He does not have and 
cannot be expected to have the deep appreciation and 
thorough understanding of the principles of chemical 
reaction and of chemical equilibrium necessary for 
intelligent performance of the procedures of detailed 
qualitative analysis. 

In evaluating laboratory work, one must keep in mind 
the objectives and incentives involved. The incentive 
in qualitative analysis is the satisfaction and the pride in 
intelligently applying understood reactions and prin- 
ciples to a given problem and carrying it through to a 
successful conclusion. When the qualitative work is 
started too early or if it is too complex for the advance- 
ment of the student, most of the incentive has been 
eliminated. Too often the students are unsure of their 
answer or fail altogether on the “unknown.” On the 
whole, the work is uncertain and the principles are 
clouded by details of procedure. This state of affairs 
is certainly not a good example of the ‘“‘scientific 
method”’ of teaching or of learning. 

Many students do find interest and some enjoyment 
in such experiments on account of the “unknown” 
interest attached (the “knowns”’ are usually done with 
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speed and alacrity); but the desire to complete the 
procedures and report the unknown, together with the 
short time available, usually causes hurrying through 
of procedures with little attention being given to the 
reactions and principles involved, and satisfaction is 
obtained only if the unknown is reported correctly. 

On the other hand, to the well-prepared second-year 
student, detailed analytical experiments are a joy. 
In the second-year course, time is available for the 
demonstration of every chemical reaction and a dis- 
cussion of every principle in class and an investigation 
of each reaction and each process carefully by means of 
“study knowns” in the laboratory before the “unknown” 
is undertaken. It has been my observation that the 
general success in a course of qualitative analysis is 
directly proportional to the time spent on preparation. 
Extrapolation of this relationship back to the meager 
preparation of the freshman student after five or six 
months’ study might well indicate the fruitlessness of 
detailed qualitative analysis in the elementary course. 

There is a tendency both in high-school and in first- 
year college chemistry to incorporate the material of 
analytical chemistry and of physical chemistry, the 
true appreciation of which requires years of chemical 
environment. This tendency is abetting the most 
common fault of elementary laboratory courses, a 
fault that lies at the root of most of the uncertain 
methods and practices now in use: too much 1s at- 
tempted in too short a time with too few trained, interested 
instructors. The result often is what might be expected: 


all too little of anything worth while is accomplished. 


GRADUATE STUDENT ASSISTANTS 


The college or university that uses graduate students 
to make up the entire corps of instructors in the ele- 
mentary laboratory evidently does not greatly value 
its laboratory course. The recent graduate, whose 
major interest is tied up by his graduate study and re- 
search, usually has little interest and cannot be ex- 
pected to have much in the objectives of the elementary 
laboratory course he is supervising “‘to make expenses.” 
Nor can we expect efficient instruction even from one 
who is interested in teaching if he is turned loose in the 
laboratory to supervise, yes and to inspire, the work of 
fifteen or twenty students without previous experience 
and without the benefit of daily guidance and criticism 
of an experienced teacher. Such neglect may account 
for the stereotyped “direction-result” type of experi- 
ment so prevalent in our modern laboratory manuals. 
These experiments require only a casual inspection by 
the instructor with corrections and grade. This can 
be done by the uninterested, inexperienced graduate 
student who may spend most of the laboratory period 
at work on his own interests. 

There may be economic excuse for the use of in- 
experienced graduate assistants in the larger universities 
where the per capita expense is low (although it is ques- 
tionable logic that the per capita expense, of a large 
laboratory class demanding many instructors must be 
kept low by hiring incompetent, inexperienced assist- 
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ants, while experienced men are required for the smaller 
laboratory classes of the second, third, and fourth 
years), but there is no excuse for the practice of ‘‘turn- 
ing them loose” without constant supervision and ad- 
vice from experienced teachers interested in elementary 
laboratory instruction. 

Unfortunately, or perhaps fortunately, my teaching 
experience has been limited to classes demanding one or 
two laboratory instructors only; so I can speak with 
little authority upon the solution of problems involved 
in providing laboratory instruction for five hundred 
students or more. I believe, however, that much can 
be done to improve the quality of “graduate assistant 
instruction.” 

The problem is to obtain interested, understanding 
instruction; interested because the student’s interest is 
usually no greater than that of his instructor; under- 
standing, because, as I have said earlier, there is little 
likelihood of the accomplishment of an objective unless 
it first be understood by the instructor. To solve the 
problem, I suggest that every graduate instructor be 
required to take (for credit) a course in elementary 
laboratory instruction, to be given by the professor in 
charge of the elementary laboratory and to comprise dis- 
cussions of the objectives and methods of instruction 
for the course in general and for each experiment before 
it is approached in the laboratory. Merit received at 
the end of the year could be based upon how well the 
graduate student has applied to his instructional work 
the principles and methods discussed in class. 

Such a course, by calling attention to the technic 
and dignity of competent laboratory instruction, should 
serve to stimulate interest as well as furnish under- 
standing. 


SIDE-SHELF REAGENTS 


Every effort should be made to eliminate any method 
or practice that tends to interrupt the even, continuous, 
serious work of the laboratory. Long waiting at the 
stockroom window for service should not be counte- 
nanced. Ihaveheardargumentsagainst side-shelfstocks 
of materials and solutions and have seen them discon- 
tinued principally because they have encouraged waste 
and slovenliness on the part of students who roughly 
“dump out’ two or three times as much as needed be- 
cause it is free or chargeable to the class as a whole. 

I believe, however, that these abuses are wholly un- 
necessary and that they can be eliminated by careful 
attention to the following details: 

1. Instructions on use of side-shelf reagents at the 
first meeting of the class. Instructions also are given 
on pouring solids and liquids from bottles, the use of 
small and approximately exact amounts. 

2. The use of small containers. A small bottleful of 
material or solution is said to last as long as a large 
bottleful. At least the use of small bottles suggests the 
use of small amounts. 

3. Perfect order and arrangement of side-shelf. 
Roll of paper and scales provided for approximate 
weighing of amount taken. 
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4. Frequent inspection of side-shelf, especially for 
the first month. Those who fail to do their part will 
soon be found out and a suspension of the privilege of 
using the side-shelf for one or more periods may be meted 
out to the offending parties. 

Young people are usually willing to meet the instruc- 
tor half way. If he does his part and also lets them know 
what is expected of them, they will generally do theirs. 
I have seen side-shelves perpetually in a state of dis- 
order and slovenliness and also those always in perfect 
order and cleanliness. The difference, I believe, can- 
not be accounted for by differences in students but by 
differences in instruction. . A slovenly side-shelf usually 
indicates that the administration or instructor or both 
have failed to do their parts. 


CONCLUSION 


In :conclusion, I wish to repeat that, in general, 
elementary laboratory instruction has received a bad 





which may justify its defence? 
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name not from its serious use but from its misuse and 


neglect. The results of abuses such as the gross neglect 
of objectives in course design, the attempt to accom- 
plish too much, the employment of inexperienced, un- 
interested instructors, and regimentation of students 
through experiments are being justly questioned. 

We usually get no more than we pay the price for, 
and laboratory instruction is no exception to the rule. 
Elementary laboratory teaching is an important as 
well as a highly interesting work and worthy of the 
time and effort of the best ability of the chemistry de- 
partment. When this is realized by the chemistry 
faculty, as well as by those in charge of the college 
budget, the elementary laboratory may receive the 
quality of instruction that its. importance demands. 
Some have considered it important enough to. defend, 
but have we considered it important enough to do any- 
thing about—do anything about producing. aesulte 











THE JOHNS HOPKINS UNIVERSITY «: 
RESEARCH CONFERENCES 


THE CHEMISTRY DEPARTMENT of The Johns 
Hopkins University is holding its fifth Research Confer- 
ence this. summer, June 24th to July 12th, at Gibson 
Island, near Baltimore. The conference will be under 
the general direction of E. Emmet Reid. The plan is 
fiexible, varying from day to day according to the nature 
of the topic under discussion and the wishes of those 
participating.: The day begins with a more or less 
formal lecture outlining some field of research and 
directing attention to its unsolved problems. This is 
followed by a general discussion: open to the participa- 
tion of all present. The remainder of the day is left to 
sports or conversations. . 

The program outlined below is to be regarded as 
tentative and subject to extension or modification as 
may seem desirable. 


1. ‘The Chemistry «of the Aliphatic .:‘Free. Radicals. 
Professor Francis O. Rice. June 24th-28th. 


The: week’s conferences will include a series of lectures and 
discussion on: (1) the preparation and properties of free aliphatic 
radicals; 


(2) the mechanisms of thermal -decompositions. from 









the free radical staindgieint; and (3) the Heber- Willstatter chain 
mechanism applied to reaction in solution. 


2. Long Chain Molecules. Dr. Thomas Midgley, it 
July 1st-5th. © 


July 1. Formation of iainasin by definite Peer reactions; 


rings and string molecules. Dr. W. H. ‘Carothers. 


July 2. Synthetic rubber, Duprene, and ‘Thiokol. “Dr W. H. 
Carothers'and Dr. J. C: Patrick: 

July 3.. The: determination of molecular wale of: big =e 
cules. Dr. E. O. Kraemer. 

July 4. Cellulose: ; Dr. E..O, Kraemer, : 

July 5. Rubber. | _Dr. T. Midgley, Jr. 


3: Vitamins. Dr. E. V. McCollum. July 8th-12th. 


These conferences consist of lectures and discussion grouped 
around work in progress on vitamins. 


July 8. Vitamin A. Dr. E. V. McCollum. 
‘July 9. Vitamin B. Dr. R. R. Williams. 
July 10. Vitamin C. Dr. C. G. King.’ 
July 11. Vitamin D. Dr. C. E. Bills. 

July 12. Vitamin G. Dr. H. C. Sherman. 


‘ Information as to details of registration, living 
accommodations, sporting facilities, etc., may be 
secured from Neil E. Gordon, Department of Chemis- 
try, The Johns Hopkins University. 





THE MARCH COVER PICTURE 


OUR MARCH cover picture, which was selected 
merely as a pleasing composition more or less chemical 
in subject matter, has apparently aroused considerable 
curiosity among our readers. It is a photomicrograph 
of a crystalline preparation of a new active principle of 
ergot, isolated during the past year by M. S. Kharasch 
and Romeo R. Legault of the Department of Chemistry 
of The University of Chicago, working under a Research 
Corporation grant. The substance has been named 





Ergotocin. We understand that this principle is 
physiologically unique in that it is effective in human 
mothers in oral doses as small as 0.3 mg. and in intra- 
venous doses as small as 0.1 mg. A preliminary report 

on the physiological activity of the substance by M. — 
Edward Davis, Fred L. Adair, and Gerald Rogers of 
the Department of Obstetrics and Gynecology of The 
University of Chicago, in co-authorship with the isola- 
tors, is to be found in the American Journal of Obstetrics 
and Gynecology for February, 1935. 
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A CONTRACT METHOD in 
HIGH-SCHOOL CHEMISTRY 


M. P. SCHULTZ 


Senior High School, University City, Missouri 


A method is described whereby students of high-school 
chemistry are enabled to advance individually as fast as 
their capacity and application warrants. The method is 


HE teaching of chemistry, or of other. subjects, 

for that matter, becomes a campaign against 

“annoying states of affairs,” the final goal being 
to make each and every student feel that he is a success. 
In order to succeed, one must achieve. For achieve- 
ment, effort is needed and for sustained effort, interest, 
initiative, and dependability are necessary. When the 
efforts are successful, interest is maintained; which 
constitutes the chief motivation for further , achieve- 
ment. Whether or not the student succeeds depends 
not only upon his interest and capacity, but also upon 
the situation in which he finds himself. A favorable 
situation demands definite assignments, explicit di- 
rection (at least. in the beginning), adequate and 
readily available supplies, equipment and references, 


demonstrations and explanations, time enough for 


preparation, and, most important, time enough for 
the student to convince a qualified listener and observer 
that the topic has been mastered. It is in regard..to 
this last element in the situation, namely, time enough 
for individual recitation, that the method about to be 
described is believed to be unique. The student has 
for his auditor the teacher only and not the whole class 
(except occasionally, a small group, interested in the 
same topic), the reason being that the other members 
of the class either are not up to the topic in question, 
or have passed beyond it and hence are not much in- 
terested, but would rather utilize this time in pursu- 
ing their own work, instead of listening. Whatever 
measure of success this method may have attained is 
ascribed in part to recognition of the facts that most 
individuals are able to converse intelligently upon 
topics with which they are familiar, and usually like to 
do so when the proper opportunity is presented. When 
the opportunity is not given, disgust or even resent- 
ment may develop. Most of us have heard the ex- 
pression, perhaps used it: “I knew my lesson, but was 
not called upon to recite.” For these and other rea- 
sons it is of the utmost importance that a suitable com- 
bination of conditions be made in order that the stu- 
dent may have his chance when he is ready. 


the result of practical research. It has been adapted from 
well-known methods, developed through experience, and 
based upon psychological principles. 


t+ + + 


THE UNIVERSITY CITY METHOD 


During the~last four or five semesters this method 
has taken rather definite form. It had its inception 
more than a decade ago, when the Morrison plan was 
found to be inapplicable in its entirety in the chemistry 
asiiteet of a University: City schools. 


HOW THE. WORK IS PLANNED 


The assignments are written and preferably called 
contracts. Mimeographed copies of all are prepared 
for the whole course before school opens. A contract 
consists of twenty to forty questions and problems 
based on the text and the laboratory manual. (See 
example of contract below.) The text is the most 
available reference and is cited first. The other refer- 
ences are used if the student chooses. He may of 
course employ any reference he finds useful, and the 
‘advanced“student often does so. A contract usually 
covers a chapter or two associated chapters. It is not 
wise to make them longer for then it is more difficult 
for the student to sustain his interest and effort. The 
contracts specify the minimum quantity of work to be 
accomplished in order to conform to the demands of 
the State Course of Study, which is practically identical 
with the outline published by ithe American Chemical 
Society. An attempt has been made to provide for 
additional work, which may for convenience be called 
the maximum. . This sometimes deals with recent de- 
velopments. A student may go beyond the minimum 
and maximum. 

The minimum designated by twelve selected con- 
tracts, together with a satisfactory final examination, 
meets the requirements for a passing semester grade. 
It might be stated that the final examinations are of 
the objective type, other than true-false, and are con- 
structed by the department. Several of them have re- 
liability coefficients, 72, of 0.90, or more, with probable 
errors of measurement, PE,,, of less than 2. 

There is no time limit set on a single contract, al- 
though a certain number are to be completed per semes- 
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ter. The average number of contracts completed per 
semester per person has been found to be approximately 
fifteen, corresponding to a grade of “C,” which of 
course may be altered somewhat, depending on the 
final examination, and other contributing factors. 

Grades are awarded every five weeks. They are 
based on the number of contracts completed, and, in 
some cases, upon the number of repetitions of tests, or 
recitations; since it would not seem fair to give the 
same grade to students who had completed an equal 
number of contracts, but one of whom it had been nec- 
essary to test repeatedly on the same contracts, thus 
showing he had exercised less judgment or depend- 
ability. These are special cases and relatively few. 
In general, for the five-week grade, ‘‘A’’ may be given 
for five or more contracts, and ‘‘D’’ for two or three, 
depending on whether the maximum or its equivalent 
has been satisfactorily completed, and upon the length 
of the contracts. For the semester grade of “A,” 
about twenty contracts should be mastered without 
repetition in conjunction with the examination. This 
is at the rate of approximately one contract per week of 
the school year. 

There are special contracts for students who complete 
the course early. Various topics such as milk, soil, 
inks, qualitative analysis, and titrations are treated. 
Some discrimination is exercised by the teacher toward 
the end of the semester in the selection of contracts for 
those who appear to have difficulty in completing the 
minimum. For example, it might be considered im- 
portant that no one omit the contract on the periodic 
table, whereas the study of the heavy metals can be 
appreciably condensed. 

The laboratory where the work is carried on is well 
ventilated by forced draft through hoods built in each 
table. On centrally located open shelves the chemicals 
demanded by the laboratory manual are arranged in 
alphabetical and numerical order in bottles of uniform 
size. Each student is assigned a drawer with lock and 
a set of apparatus. Order is kept by means of a rotat- 
ing monitor system. A combination stock room and 
office separates the laboratory from the class room. 


++ + 


CONTRACT ON COMPLETE AND INCOMPLETE REACTIONS 


Ref: Text A, pp. 292-301 
Text B, pp. 363-374 
Text C, pp. 155- 
Text D, pp. 260- 


Experiments Numbers 43, 44, 45 in your manual. 
fully changes in directions. 


1.. What is the object of this chapter? 

2. By way of review name four kinds of chemical changes. 
Illustrate each with one or more equations. Be able to 
read the equations and to state the conditions under which 
each reaction will occur. Why may these reactions be 
called irreversible? 

3. How are arrows used to show that a chemical action is re- 
versible? Give three examples of actions that are re- 
versible. How may reversible actions be made to go to 
completion? Example. 


Follow care- 
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Name three ways in which reactions in general go to com- 
pletion. Illustrate each with an equation, preferably 
selected from your laboratory work. 

What effect does a decrease in one of the products of a reac- 
tion have on the reaction? How does an increase in the 
relative amount of a reagent influence the reaction? (This 
is called the ‘‘common-ion effect” in other texts.) What 
are the common ions in the example used by the author on 
page 296? What substances supply these ions? Select 
and state the sentences that explain why the ordinarily 
soluble salt, NaCl, becomes insoluble (is precipitated) 
under the conditions stated. See also your lecture notes. 

Why is it that an excess of barium chloride is used over the 
amount represented by the equation in the quantitative 
precipitation of barium sulfate? 

Explain why the addition of ammonium chloride to a solu- 
tion of the base ammonium hydroxide makes the latter 
“weaker.” 

How could a ‘‘weak”’ acid be made still ‘‘weaker’’? 

In general how does temperature affect the speed of chemi- 
cal action? In what process is it not desirable to increase 
the temperature beyond a certain point? Why? A high 
pressure is desirable, however. Why? 

What is the purpose of a catalyst in a chemical reaction? 
What is it that the catalyst does not alter? When will a 

catalyst become ineffective? 

Why is it important to us to have reactions go to completion? 

Work exercises 1, 2, 3, 5, 9, 12, pp. 300-1, in the text. 

Additional Work 

Discuss ‘dynamic equilibrium.” State the law of concen- 
tration and mention some of its applications. 

Work all exercises, pp. 300-1. 

What may be the practical use of a “‘heat of formation’ 
table? 


++ + 


HOW THE WORK IS CARRIED ON 


The usual recitation method is employed during the 
first three or four weeks of school. There is little 
difficulty in keeping the class together during this 
period. This time is essential for introducing the 
subject in order that the student may later be able to 
set up apparatus and handle chemicals properly without 
constant supervision. As soon as the members of the 
class begin to draw apart, it is time for individual differ- 
ences to be recognized. But it is only when he reports 
himself ready that the student is given a private hear- 
ing, which may be oral or written. For this hearing the 
teacher selects the questions, often at random, from the 
contract. The student is considered to have mastered 
the contract when able to express himself intelligently 
and adequately concerning it. This is then indicated 
on the record with a check mark and the date. The stu- 
dent returns the completed contract to its file and obtains 
the next. He is now a free agent as far as deciding 
when he wishes to recite again is concerned. Thus a 
character element, responsibility, is introduced, which 
only the student himself can properly control. If 
complete mastery is not shown, the student is asked 
to return for reéxamination. In sucha case the record 
is marked with a small cross for each unsatisfactory 
recitation. The dates are also noted. This method of 
keeping score, together with the fact that when defi- 
cient he has to return among his fellows for further 
study with no alibi, or when successful he has that 
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feeling of a “‘satisfying state of affairs,’ has proved to 
be a powerful urge for the student to attempt mastery 
the first time. This induces assiduous application and 
requires the student to exercise his judgment in check- 
ing up on himself. 

It should be noted that the teacher evaluates the 
examination paper immediately in the presence of the 
student. It is thus possible to ask additional questions 
requiring oral replies. The questions may or may not 
be listed on the contract. If questions not listed call 
forth acceptable answers, the teacher will realize that 
he is dealing with an efficient student whose interest 
and comprehension go beyond the assignment. If the 
question is listed, the correct response will, of course, 
be expected from all. 

The advantages of the immediate evaluation of the 
test are apparent: the pupil learns without delay where 
he stands; the teacher is able to give hints then and 
there; no examination papers accumulate. The im- 
portance of these advantages cannot be overempha- 
sized. 

The teacher’s routine is as follows. After roll-call 
the students may ask questions. Demonstrations are 
given at this time, or difficulties explained. After this 
period, each member of the class turns to his individual 
work. The teacher’s attention is now available for 
those who have laboratory work to do. In five or ten 
minutes brief consultations are held, special apparatus 
is issued and similar items are disposed of. When the 
laboratory work is under way, students are called for 
examination from the list on which they had indicated 
their readiness. To assign each his test by indicating 
the numbers of the questions to be discussed on paper 
takes only a few moments. If only two or three stu- 
dents are ready, oral tests are preferred. Written 
tests are given when the list is longer. There is prac- 
tically no waiting list. Should a test be interrupted by 
the ending of the period, it is begun or completed the 
next day with different questions, but usually no one 
begins later than about ‘ten minutes before the bell. 
This time is needed to complete the evaluation of the 
tests finished. The same questions are not given to 
students writing simultaneously on the same contract. 
In the intervals between tests the teacher visits the 
laboratory, or helps the students in the classroom, or 
both. 

A prerequisite for admission to the examination is that 
the laboratory manual be in good order. It is inspected 
before the test, and any errors or omissions are to be 
rectified before the student is allowed to continue. 
Should anyone copy an approved manual, it will profit 
him very little unless he actually learns thereby, for 
there are no separate laboratory and class grades. The 
test covers both. 


ADDITIONAL OBSERVATIONS 


It may be of value to discuss briefly certain questions 
that have been asked concerning the above-described 
method. One of these inquiries is concerried with the 
considerable amount of memory work involved in the 
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mastery of such a series of contracts, with the implica- 
tion that mere memory work has little educational value. 
The fact is admitted, but the implication is denied. 
Learning begins in the accumulation of facts. Whether 
learning continues through association and generaliza- 
tion will depend upon the biological heredity and the 
interest of the student himself after his environment 
has been made as favorable as possible. Moreover, 
there really is no such thing as mere memory work even 
in the memorization of nonsense. ‘‘So in memorizing 
as in learning a maze, all of one’s mental processes and 
other types of reactions may be employed.’’* 

Apropos of another inquiry, it might be said that 
there are practically no problems of discipline. Such 
problems are perhaps minimized by the fact that the 
course is elective, and, since chemistry is usually con- 
sidered a difficult subject, the students who elect it are 
apt to be more competent than would otherwise be the 
case. This assumption may be supported by the final 
results. Out of 113 students enrolled, 102 passed, 3 
withdrew during the semester to change residence, and 
8 withdrew for other reasons from time to time during 
the semester. The final record therefore listed no 
failures. This result, however, it is believed, is at- 
tributable in part to the method. 

It might be suggested that the demonstrations lose 
some value because they are presented to students at 
different stages in their progress under the contract 
method. But it should be realized that under the or- 
dinary recitation method, the students are also in differ- 
ent stages of progress. Under either method the 
teacher’s judgment will determine the most appropriate 
time for the demonstration. 


CONCLUSION 


Favorable comments have been made on the method 
and its results. It is now being tried in the biology 
department under competent direction. _ The chemistry 
classes prefer it. This has been determined by ballot. 
Due credit should therefore be accorded the students. 
One might speculate on the reasons for their preference. 
It certainly is not because there is less to be done. Can 
it be because the students like to practice self-deter- 
mination in their endeavors? Can it be because they 
like to accept responsibility for their own progress and 
receive the reward in the form of “‘a satisfying state of 
affairs’’ when the responsibility is being suitably dis- 
charged? Do they find the opportunity attractive 
to converse or recite more fully on topics they have 
mastered? Do they find learning satisfying for its own 
sake and therefore work for something more than a 
grade? Is it possible that some of them understand 
that elementary chemistry, besides being a field rich in 
information, may also be an instrument for the develop- 
ment of desirable habits of thought and action, which 
in turn may become vehicles useful in further acquisi- 
tion of knowledge and the building of character? One 
would like to believe so. 


* Gates, ARTHUR I., ‘Psychology for students of education,” 
The Macmillan Company, New York City, 1927, p. 247. 





The TEST-TUBE METHOD 
for FLAME TESTING 


ARTHUR R. CLARK* 


Franklin and Marshall College, Lancaster, Pennsylvania 


This work includes new flame tests for certain metals 
occurring in elementary qualitative analysis, obtained by 
use of the test-tube method rather than the regular plati- 
num-wire method. It was found that some metals give 
characteristic flame colors, residues, and residue reactions. 
A comparison of this method with that of the platinum- 
wire method is included, as well as the action with different 
anions. Many interesting results were obtained when 
this procedure was used as a means of shortening the 
work in the usual qualitative schemes found in all analyti- 
cal chemistry books. 
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S FAR as can be ascertained from the literature, 
the test-tube method for flame testing was intro- 
duced by Meissner! and was only applied to the 

tin flame test. In using the Marsh test for arsenic, 
Meissner noted that in certain cases a sky-blue color 
was produced in the flame. After much work, he found 
that tin was present each time the Marsh Test produced 
a flame of sky-blue color. With tin as the producer, it 
was his desire to find whether the metal was present as 
the hydride (SnH,) before the color was formed. 


THE TEST-TUBE METHOD FOR FLAME TESTING 


In using this method for flame testing, one needs 
only a pyrex test-tube, water, and a colorless Bunsen 
flame. The unknown solution may be placed in a very 
small beaker. The test-tube is three-fourths filled with 
water to prevent the glass from becoming superheated 
and giving a sodium flame test. The lower part of the 
test-tube is heated slowly to dry the outside wall. 
The test-tube is dipped into the unknown solution and 
then heated very slowly. Certain metals give char- 
acteristic colors and residues. If a metal gives a good 
residue but one which may be confused with the residues 
of other cations, one should apply residue reactions 
To obtain a residue reaction, one need only add an acid 
(or other suitable chemical) to the residue and heat. 

Stone* described a procedure well adapted to the 
testing of tin residues. 


* At present a Graduate Assistant in the School of Chemistry 
and Physics of the Pennsylvania State College, Pennsylvania. 

1 MEISSNER, H., “Ein Nachweis Zinn,” Z. anal. Chem., 80, 
247-52 (1930). 

2 Srong, I:, ‘A new test for tin,’’ Chem.-Analyst, 20,2 (Mar., 


PROCEDURE USED IN FLAME TESTING 


In using the test-tube method for detection of cat- 
ions, one should follow, in general, the following 
sequence of procedures: 


Heat and observe flame. 

Heat to residue and then observe flame. 

Observe residue. 

Add HCI to residue and heat; observe flame. 

Add HCI to residue and heat to residue and ob- 
serve flame. 


At all times use colored filter-glasses. 

A possible extension of work in this field would be 
the investigation of various reagents for the residue 
reactions. In the author’s experience HCl produces 
best results for all metals excepting those of the first 
group. For these metals, best results were obtained 
with HNO. 


METALS GIVING CHARACTERISTIC FLAMES, 
RESIDUES, AND RESIDUE REACTIONS 


Group 1: Lead—Light red and yellowish blue mixture 
with few sparks of this color, turning to 
a spurting type of voluminous flame 
which dies very quickly. Residue of 
white screen-like film. 


Silver—Residue of light gray film (metallic 
silver). 


Group 2: Copper—As nitrate, a spurting emerald green, 
and as chloride, a blue flame of non- 
spurting variety; residue of green film. 


Bismuth—Enduring light green with a little 
yellow in flame. (Not spurting in na- 
ture as is the barium flame.) 


Antimony—Steel-gray-green which exists only 
at the upper edge of the Bunsen flame. 

Tin—(Reported by Meissner’), Brilliant 
sky-blue color that seems to adhere to 
bottom and sides of test-tube and 
persists for a long time. Residue of 
white mist-like film. (Residue is not 
heavy and is only visible after the 
process has been repeated several times.) 
The (white) tin residue appears blue by 
reflected light. 
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It was found that the stannous ion gave better 
results than did the stannic ion. 


Group 3: Nickel—Light green flame (slight) with 
residue of green film. 

Manganese—Faint green flame with brown- 
black residue. If HCl is added to the 
residue, one obtains a residue spurting 
yellow-red flame, reminiscent of sodium 
with a reddish tinge. 

Aluminum—Residue of powder white. Resi- 
due reaction with HCl produces a red 
spurting flame, not as yellow as manga- 
nese. 

Chromium—Volcanic yellow-red flame; resi- 
due reaction with HCI produces a flame 
more yellowish in appearance and con- 
taining more volcanoes; spurting and 
spattering red-yellow flame (fleeting) 
and residue becoming lumpy and bub- 
bled. 

Zinc—Residue of powder white; like alumi- 
num residue, but differs from aluminum 
in the fact that no color is formed when 
residue reaction with HCl is applied. 


Group 4: Barium—Gray-green flame of large volume. 

Residue of white film. 

Strontium—Flame of exceptional volume; 
red with much yellow (deep red mixed 
in). Residue of white film. 

Calcium—Flame with brick-red splashes 
(heavy—heat on upper fringes of resi- 
due). 


Group 5: Potassium—Violet flame with residue of white 
powder. 
Sodium—Yellow flame with residue of white 
powder. 


SENSITIVITY OF FLAME TESTS 


(g./cc. of cation) 


Mn 
) Al 
Cr 
Zn 
Ba 
Sr 
eissner! reports) Ca 
3.5 X 1075 K 
(7) Ni = 2 X 10— Na 
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COMPARISON OF PLATINUM WIRE AND TEST-TUBE 
METHOD 


Using solutions with cation content of 0.01 g. per cc. 
it was found that by the platinum wire method Pb, Ag, 
Sn, Ni, Al, Zn gave no tests, while with the test-tube 
method very good tests were obtained. With the 
platinum wire method Cu, Bi, Sb, Mn, Cr, Ba, Sr, Ca, 
and Na were either very faint or too fleeting for ob- 
servation, while the test-tube method showed good 
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tests. Potassium is the only cation for which the 
platinum wire method equals the test-tube method. 


CATIONS WITH DIFFERENT ANIONS 


Meissner! found that tin with HCl produced a sky- 
blue flame, with HBr a green flame, and with H2SOQ, a 
red-violet. It is a well-known fact that Cu as nitrate 
is green and with halogens is blue. It is important 
that anions other than those definitely known be ex- 
cluded in testing. 


MIXTURES OF CATIONS WITHIN GROUPS 


Group 1: (Mixture of Ag, Pb, Hg). The Pb is de- 
tected if any flame color is produced and 
Ag if any gray residue remains. 


(Mixture of Hg, Pb, Cu, Bi, Cd, As, Sb, Sn). 
It is possible to detect Cu, Sb, Sn. 

(Mixture of As, Sb, and Sn.) All three may 
be detected. If all metals are present, it is 
possible to detect all but As. As* can be 
detected by the molybdate method and Sb 
and Sn by the test-tube flame test method. 
Sb gives the steel-gray-green at the upper 
edge of the Bunsen flame, while Sn gives the 
sky-blue flame adhering to the bottom of the 
tube. The two colors are separated and 
can be distinguished very easily. If too much 
Sb is present, it will not permit Sn to give a 
flame test. In this case one must use Zn + 
HCI and liberate all the Sb and As (Hood)!). 
After the action subsides Sn will give its blue 
flame. 


(Mixture of Co, Ni, Mn, Fe, Al, Cr, Zn). 
Ni is detected by a green flame and Cr by 
volcanoes. It is also possible to pick out 
Al, Cr, Zn, and Mn in certain mixtures. 
To detect Al in the presence of Zn heat to 
residue and in residue reaction with addition 
of HCI, Al will give a reddish spurting flame, 
while Zn will give no flame color. 


(Mixture of Ba, Sr, and Ca). 
only. ‘ 


(Mixture of K and Na). Usual detection of 
each by means of blue glass. 


Group 2: 


Group 4: Sr is detected 


Group 5: 


MIXTURES OF CATIONS OF COMBINED GROUPS 


It is possible (Na free) to detect several metals in 
certain combinations with the proper standardization 
of color and experience. For example, a mixture of 
Ag, Sn, Sb, Mn was examined. Sn, Sb, Mn were easily 
identified but the Ag test was ruined by the heavy 
brown-black residue of Mn. In general, it is not 
possible to identify without group precipitation. 
Even with the group mixtures the metals must be 
separated to obtain sure results. The primary utility 
of the test-tube flame method is in confirmatory testing. 





MATHEMATICAL PROBLEM PAGE 


Directed by EDWARD L. HAENISCH 


Montana State College, Bozeman, Montana 


SIMPLE working rule to find the maxima and 
minima of a function, f(x), is: 
(1) Find the first derivative, f’(x). 


(2) Find the values of x (x1, x2, etc.), for which f’(x) 
vanishes. 

(3) Find the second derivative, f’(x). 

(4) Find the values of f’(x1), f’(xe), ete. If f’(x1) 
is positive then f(x:) isa minimum. If f”’(«;) is negative 
then f(x) is a maximum.* 

Another test to see if x1, x2, etc., are points of minima 
or maxima is as follows. Obtain values for f(x) for 
x’s which are slightly smaller and slightly larger than 
%1, Xz, etc. If these values are larger than f(x,), x, isa 
minimum; if smaller, x; is a maximum. 

A point of inflection separates an are concave down- 
ward from an arc concave upward. At such points 
f’(x) vanishes and f”(x) changes sign as it passes 
through the critical value. 

With a knowledge of the location of the points of 
maxima, minima, and inflection and with the aid of one 
or two points computed directly from the function, a 
rough plot of y = f(x) can be made. 


REFERENCES 


Chap. IX. 
154-67, 172-5. 


DANIELS: 
MELLOR: 


PROBLEMS 


Find the maxima and minima for 
(a) y = 3x* — 9x? — 27x + 30 
(b) y = 3x® — 125x* + 2160x 
The density, d, of water at any temperature, /°C., 
is given by 
d = dj(1 + at + bi? + ct) 


Where dy is the density at 0°C., a = 5.3 X 10-5, 
b = —6.53 X 10-§,c = 1.4 X 10-%. 

At what temperature does water have its maximum 
density? 

Trace the curve y = x? — 9x? + 24% — 7. 

The velocity of a certain autocatalytic reaction is 


d 
given by, = = Kx(a — x) where x is the amount of 


x 
dt 
material decomposed at time, ¢; a is the amount of 
material originally present. Show that the ve- 
locity is greatest when x = !/2a. 

Find the maxima and minima in Van der Waals’ 


* If f"(x:) also vanishes then x, may be a point of inflection. 
In such cases continue to differentiate f(x) until i (")(x) is obtained 
which does not vanish at x,, at which point f’(x) = 0. If ” is 
even apply the tests in (4). 


RT a 

(V—b) >) 

6. Show that the probability curve, y = Ke-*”* has 
a point of inflection for x = = V/1/o/h, 


equation. (rine: Use the form P = 


SOLUTIONS TO APRIL PROBLEMS 
1. (See Figure 1.) The tangent line at a temperature of 65°C. 


: . Ay 294 — 100 

is drawn. The slope is Ax ~ 350.0 — 3975 ~ 8.62 mm. 
deg. =. 

dp AH cal. mol X 187.5 mm. 


et Dy) a= 
dr ~ 8.62 mm. deg." = 7987 cal. mol~! deg.—! X 338° deg.* 


AH = 10,440 cal. mol. 
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FIGURE 1 
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1 
(See Figure 2.) Notice that plotting log P against T changes 


the curve of Figure 1 into a straight line. If we take the 
values for T = 313, 353, 373 we obtain the equations 


1.7429 = 0.003195A + 2.4957B + C 
2.5504 = 0.0028338A + 2.5479B + C 
2.8808 = 0.002681A + 2.5718B + C 
These may be solved by use of determinants, giving A = 
—2860.8, B = 4.37, C = 21.79. To find the slope: 
A 
log P =ptBlgT+c 


In P B 


303 = T+ e303 +¢ 
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3.0 AH,, i d(in P) = 2.303d (log P) a AH n a d (log P) a 
. eee. aa ¢) aman!) 
2.8 Na f T T 
SI sant. I. e., if log P is plotted vs. we get a straight line of 
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Ay 0 — 1.€2 — 1.62 
From the graph, slope = — = = 
tied ° Ax 0.00251 — 0.002 0.00051 






















y 
2.2 ke = —31.76. 
=) 






— AH = —2.303 X 1.987 X 3176 = 14,530 cal. mol~. 










2.0 , (Note: Care must be taken to plot log P correctly. Thus, 
if P = 0.28 log P = —1 + log 28 = —1 + 0.4472 = 
— 0.5528.) 



















PS . (See Figure 4.) The data for the chord plot are in the follow- 
ing table: 
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47 0.346951 
3 56.33 
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‘ 4 A sample calculation for “2 on SaaS! — SBMS 


a = 55.96. 
An 0.295148 — 0.283314 












3 
1000/T. 
FIGURE 3 V2 as read from the curve for a 46% solution is 56.217. 
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KEEPING UP WITH CHEMISTRY 


1934 in chemical review. Ind. Eng. Chem., 27, 5-9 (Jan., 
1935).—The sound condition of chemical industry and the 
quickened pulse of research stand out as exceptions to the general 
discouragement during the depression. A number of chemicals 
stepped from the class of rare compounds and are now supplied in 
quantity with a great reduction in cost. Diphenyl oxide has 
been used successfully as a high-temperature heat-transfer 
agent in bifluid boilers, due to its high boiling point and stability. 
Boron carbide, made in the electric furnace from boric acid and 
coke, has a hardness of little less than that of the diamond and is 
offered as an active alkali of high concentration. An elastic, 
transparent, moisture-proof material made from rubber is being 
marketed. Itruns as high as 25,000 square inches per pound. 

In the oil industry further advances have been made in ex- 
traction processes for the manufacture of lubricants, propane 
being extensively used. One company has produced a high- 
molecular-weight compound by polymerization, which greatly 
increases the viscosity of lubricating oils. Attempts to disperse 
fog by spraying calcium chloride solution into the air have proved 
successful. 

Cambridge University reports that evidence has been adduced 
of the existence of both H and He isotopes with atomic weights of 
3. The methods involve collisions of atoms of deuterium. 
Princeton University also reports the production of small amounts 
of tritium. Element number 93 was announced from Italy by 
Fermi, who bombarded uranium with neutrons. Radioactive 
properties of short duration have been induced in Al, B, and Mg 
by bombardment with alpha particles. Lawrence, at the Uni- 
versity of California, produced radioactive Na with a half-life 
period of 15 hours, by bombardment with deutons, the charged 
nuclei of atoms of deuterium (heavy hydrogen). Protoactinium, 
element number 91, was isolated in elemental form by von Grosse 
at The University of Chicago. At Columbia University physi- 
cists fixed the size of the neutron at 0.0.2.1 inch. The production 
of X-rays by bombardment with Hg atoms has been developed 
at the University of California. Non-inflammable black phos- 
phorus has been produced at Harvard University by the use of 
very high pressures. 

The casting of a 200-inch blank for a high-power telescope was 
an outstanding event in the glass industry. Uncertainty as to 
the success of the first casting led to the second, both of which 
promise to be successful. A hard, tenacious, non-tarnishing re- 
flecting surface has been developed by depositing Al vapor on the 
glass surface. The presence of 10% to 20% COs in the atmosphere 
has been found to reduce food spoilage. Cut flowers are found 
to keep better in jars plated on the inside with copper. The ac- 
tion is believed similar to that of sterilization by dissolved ionic 
Ag. 

The article also gives a list of medal awards for the year and 
patent decisions on 13 important cases. DD: toi; 

“Glass” from coal. ANon. Ind. Bull., Arthur D. Little, Inc., 
98, 2 (Feb., 1935).—A new thermoplastic synthetic resin, color- 
less and highly transparent, has been exhibited by Imperial 
Chemical Industries, Ltd., London, who will shortly commence 
its manufacture from chemicals derived from coal. It is reported 
to have optical properties similar to ordinary crown glass, yet 
with a softer appearance. It transmits the ultra-violet rays. It 
is extraordinarily tough, making the resin highly resistant to 
breakage. Its specific gravity is about half that of ordinary glass. 
It may be cast into sheets, rods, or blocks. Like other thermo- 
plastics, its resistance to scratching is poor, but its original bril- 
liance may be restored readily by polishing it with a fine abrasive. 
The British Air Ministry is investigating this glass for use as 
window panes. Further details concerning cost are ee 


House of steel and plywood. Anon. Ind. Bull., Arthur D. 
Little, Inc., 98, 2 (Feb., 1935).—This new architectural material, 
Phemaloid lumber, is a plywood made with phenolic resin glue. 
It is moisture-proof and will not support combustion. It is 
assembled in panel sections with the structural-steel members by 
nailing directly through the edge of the lumber panel and the 
flange of the supporting steel. G. O. 

Mercury for heat and power. Anon. Ind. Bull., Arthur D. 
Little, Inc., 98, 3 (Feb., 1935).—Mercury power plants have not 
grown rapidly, but the use of mercury for process heating has. 
As a heating medium, mercury vapor provides an improved 
means of temperature control, both where steam could not be 
used and in replacing steam. The ready control of temperature 
provided by mercury is especially valuable in treating oils and 
other inflammable substances, where the presence of direct heat 
creates a fire hazard. The development of stable organic fluids 
whose boiling points are almost as high as mercury, such as the 
diphenyl-diphenyl oxide mixtures, promises interesting competi- 
tion. The mercury process is somewhat hampered by high in- 
vestment cost. “a GC; O. 

Thixotropy. Anon. Ind. Bull., Arthur D. Little, Inc., 98, 3 
(Feb., 1935).—Thixotropy—a term applied to a reversible proc- 
ess whereby colloidal or gelatinous systems may, by shaking, 
stirring, or other mechanical means such as agitation by powerful 
sound waves, be transformed from a more or less solid jelly to a 
plastic or even fluid state, returning, however, after a period of 
rest, to the solid state. This property is now being considered 
in its relation to the uniformity and stability of such’ industrial 
products as paints, varnishes, enamels, rubber latex, etc., where 
the settling out process occurs. G. O. 

“Moly.” Anon. Ind. Bull., Arthur D. Little, Inc., 98, 4 
(Feb., 1935).—Moly, short for molybdenum, is a metal generally 
regarded as a rather rare and relatively unimportant element. 
If its startling increases in sales and production are long con- 
tinued, the economic position of tungsten and molybdenum may 
be reversed. This shift is of-particular importance to America 
because some four-fifths of the world’s supply of molybdenum is 
in the U. S. while the great bulk of our tungsten is imported from 
uncertain Asiatic sources. Near Leadville, Colo., exists by far 
the world’s largest known deposit of molybdenum. The largest 
use of this metal is for alloying with iron and steel. Molyb- 
denum does not interfere with welding; likewise it facilitates 
certain scale removal. One of the largest automobile manu- 
facturers is at present extending the use of carbon-molybdenum 
steels to springs and other automotive parts. Chrome-nickel 
steel used in chemical equipment contains two to four per cent. 
of the metal. The most recent triumph is the replacement of tung- 
sten in high-speed cutting-tool steels, now the chief market for 
tungsten. G. O. 

Some problems of water supply. A. PARKER. Chemisiry & 
Industry, 54, 49-54 (Jan. 18, 1935).—A discussion which ex- 
plains, briefly, the problems concerned with quantity of water, 
quality of water, methods of purification, and of eae —* 


The problem of valency. R. F. HuNTER AND R. SAMUEL. 
Chemistry & Industry, 54, 31-6 (Jan. 11, 1935).—A rather com- 
plete review of the modern theories of valency. Most chemical 
compounds are not inconsistent with an electron-pair bond 
theory of homopolar valence similar to Lewis’s. Wave mechanics 
and band spectroscopy do not justify a second variety of non- 
electrovalent linkage in which both electrons are furnished by 
one atom (semi-polar double bond or coérdinate covalency). 
The measurement of molecular parachors and of molecular refrac- 
tivity provides no proof of the existence of coérdinate —* 
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Recent developments in the chemistry of sulfur. M. P. 
APPLEBEY. Chemistry & Industry, 53, 1097-101 (Dec. 28, 
1934).—The annual turnover of sulfur expressed i in terms of ele- 
mentary sulfur i is about seven million tons, of which about three 
million tons is in the form of elementary sulfur while about four 
million tons is obtained in the form of SO, from the burning of 
sulfide ores. Much sulfur is wasted in the form of SO2. In Can- 
ada and the Scandinavian countries about a million tons is wasted 
annually although these countries import hundreds of thousands 
of tons of sulfur to be converted to SO, to be used in the paper 
industry. In order to save a large amount of money, to contribute 
to English independence in regard to this material, and to cut 
down on atmospheric pollution, a good deal of work concerned 
with the reduction of SO, to elementary sulfur by means of car- 
bon has been carried out. In the light of these studies the ob- 
taining of elementary sulfur from waste gases, and even from 
anhydrite or gypsum, is a practical possibility. . W. 
Refining geo oils by solvent extraction. J. V. ‘Hicx- 
TOWER. Chem. & Met. Eng., 42, 82-3 (Feb., 1935) —Of re- 
cent interest in the petroleum refining industry i is a process for 
the manufacture of lubricating oils from heavy stocks, both 
residuals and distillates, by means of a double solvent extraction 
that separates the stable from the unstable petroleum fractions. 
The paraffin lubricating fraction is dissolved in propane and 


Condensers. E. J. Wuti1ams. Sch. Sci. Rev., 16, 271 (Dec., 
(1934).—Recommends double-surface condensers for student and 
general laboratory work. oO. 

Boyle’s law. C.A.E. WuisH. Sch. Sct. Rev., 16; 226 ( Dec. 3 
1934).—An aspirator bottle fitted with a stopcock outlet and 
closed with an air-tight stopper carrying a simple U-tube pressure 
gage is used for the qualitative illustration of Boyle’s law. 


Nickel boats. K. H. Hacopran. Sch. Sci. Rev., 16, 275-6 
(Dec., 1934). Shop directions for constructing a miild-steel die 
which can be used in conjunction with a vise to form boats from 
No. 28 5 gage nickel sheet. O--R: 





Recent: advances in atomic physics. I. J: A. RATCLIFFE. 
Sch. Sct. Rev., 16, 219-25 (Dec., 1934).—An extremely condensed, 
but fairly lucid, qualitative exposition of some modern physical 
ideas, O. BR. 

The synthetic and i inorganic.tanning principles. G. GRASSER. 
Chem.-Ztg., 58, 929-31 (Nov. 21, 1934).—A review. «ie 

Preparation and uses of some oxygen compounds. K. Sac- 
STETTER. Chem.-Zig., 58, 9387-9 (Nov. 21, 1934).—The author 
discusses sodium perborate and the super oxides of hydrogen, 
sodium, barium, magnesium, zinc, calcium, and benzoyl. 27 
patents are listed. L. S. 


Teaching the application of the unit operations. H. Mc- 
CorMACcK: Chem. & Met. Eng., 42, 73-5 (Feb., 1935).— 
Chaos reigns throughout the colleges and universities of the 
country in so far as they are concerned with teaching the prac- 
tical applications of the unit operations of chemical engineering. 
Uniformity of laboratory courses in chemical engineering is not 
advocated, but uniformity of purpose and objective could and 
should be obtained. 

In the writer’s opinion the objectives are as’ follows: 
(a) first and foremost, a thorough working knowledge of the 
theories' and calculations involved in the unit operations of 
chemical engineering, (b) an understanding of the limitations in 
theories and calculations, (c) cultivation of judgment as to the 








Chemistry at Wellesley. R.Jounstin. The Chemist, 12, 9-13 
(Jan., 1935).—Instruction in chemistry has been offered at 
Wellesley since the college started in 1875. Since that time the 
laboratory method of presenting the subject has been used. 
Small laboratory sections, not more than twelve students to the 
instructor, permit careful supervision of the laboratory work. 
Courses of fundamental importance for the training of chemists 
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the naphthenic fraction i in a mixture of cresylic acid and phenol. 
The separation is physical and hence basically different from the 
sulfuric acid method of producing lubricants. 

After filtering through clay and dewaxing, the paraffin fraction 
requires no further treatment to make it meet the requirements 
of high-grade lubricants. The naphthenic oil and other undesir- 
ables, freed from solvents, may be incorporated into asphaltic 
materials or fuels or devoted to other uses. . W. 

Chemical lime hydrate of opportunity. S. P. Armsby. Chem. 
& Met. Eng., 42, 90-3 (Feb., 1935).—Lime is one of the most 
widely used chemical reagents known to modern science. Yet 
comparatively little fundamental information is available re- 
garding its fundamental properties, a lack which seriously handi- 
caps its efficient utilization and which clearly indicates the need 
of scientific research in this field. A research organization with a 
competent staff, adequately supported by the entire industry 
would (1) develop a better spirit of friendly codperation between 
lime producers, (2) establish full codperation and free exchange of 
ideas between producers and consumers, (3) assemble, classify, 
and correlate technical data, (4) make laboratory and field 
studies to fill gaps in our present knowledge, (5) study processes 
in which lime is used, chemical reactions involved, and physical 
conditions affecting these reactions, (6) interpret all such data, 
(7) publish the findings. J. W. H. 


“Pharaoh’s serpents.” A lecture demonstration. R. E. D. 
CuarK. Sch. Sci. Rev., 16, 271 (Dec., 1934).—‘‘p-Nitroacetani- 
lide (5 to 20 g.) is added to five-ninths of its weight of concen- 
trated sulfuric acid in.a small porcelain dish and the mixture 
is heated strongly on gauze,..when it melts and a vigorous 
reaction begins to set in at about. 200°. This is rapidly followed 
by a mild explosion, in which a large snake-like mass of carbon 
shoots out. In this way ‘snakes’ a yard in length and as much as 
5 inches in diameter can easily be obtained from a 100-cc. dish. 
The snakes are black and sponge-like, and they are not nearly so 
brittle as those obtained from mercury thiocyanate.” 


O. R. 





P. Nadum. 


Chem.-Ztg., 58, 

959-62 (Nov. 28, 1934).—A general.review dealing with modern 

commercial dynamite and its detonation sensitivity, detonation 
L. § 


Modern commercial. dynamite. 


velocity, and shattering power. mf 
The use of enzymes for industrial purposes. A. HeEssg. 
Chem.-Zig., 58, 952-3 (Nov. 24, 1934).—A review. V. Food 
industry. Ferments in the manufacture of cheese, in the baking 
industry, and in the manufacture of food and food preparations. 
Ferments in the pharmaceutical industry. VII. Enzyme 
preparations. 19 references are given. L. S. 






evaluation and interpretation of experimental data, (d) famil- 
iarity with the current literature of chemical engineering, (¢) in- 
struction in the preparation of the required reports with an 
insistence on excellence in these reports. An outline is given of 
the proposed laboratory work and an estimate of equipment 
costs is included. . W. H. 
Weighing gas. C.A.E.WuisH. Sch. Sci. Rev., 16, 266 (Dec., 
1934).—An application of the kinetic theory to the problem of 
weighing a gas. It is developed that for a single particle the 
excess bombardment action on the lower face of a cubical con- 
tainer is mg = weight of the particle. For particles the total 
excess bombardment action at the lower, as compared with the 
upper face is nmg = weight of gas in the cube. O.R. 


General 
chemistry, qualitative and quantitative analysis, and organic 
chemistry are required by all chemistry majors, while physical 
chemistry is recommended. At present the work in chemistry 
is presented in an old wooden building, but plans are under way 
for the construction of a modern, fireproof structure. 

E. R. W. 


are offered rather than courses of general interest. 





















RECENT BOOKS 


LABORATORY MANUAL OF PHYSIOLOGICAL CHEMISTRY. Meyer 
Bodansky, Director of Laboratories, John Sealy Hospital, 
Galveston, and Professor of Pathological Chemistry, Uni- 
versity of Texas, and Marion Fay, Associate Professor of 
Biological Chemistry, School of Medicine, University of 
Texas. Third edition, John Wiley & Sons, Inc., New York 
City, 1935. vii+274pp. Q9figs. 15 X 23.5cm. $2.00 net. 


Designed to accompany Bodansky’s ‘‘Introduction to Physio- 
logical Chemistry,’’ also in its third edition, ‘‘the general scope of 
the earlier editions has been retained in the present revision.” 
The chapter on colloids has been omitted, on the ‘‘consideration 
that the properties of colloidal systems cannot be adequately 
treated within the limits imposed by the size of the manual and 
by the fact that the usual course in biochemistry does not in- 
clude certain of the experiments that were to be found in the 
former editions Somewhat more extensive alterations 
[have been made| in the chapter on the blood, several new experi- 
ments, including the estimation of the serum proteins, have been 
added.” 

The right-hand pages are blank, for the recording by the stu- 
dent of his notes and observations. Consequently, the actual 
printed matter covers barely 130 pages. In the appendix are 
found extra blank pages, four-place logarithms, tables listing the 
compositions of mixtures for given pH values, a table of indica- 
tors, and cross-section paper. 

The book contains the following chapters: 

I. Introduction: The Application of Chemical Analysis 
to Physiological Chemistry (6 experiments) 
II. Carbohydrates. (35 experiments) 


III. Fats and Related Compounds (10 experiments) 


IV. Proteins (28 experiments) 
V. Part I—Milk 
Part II—Bone and Connective Tissue (7 experiments) 
VI. Digestion (36 experiments) 
VII. The Urine (39 experiments) 

VIII. The Blood (33 experiments) 

The material in the text is amplified by footnotes. For 
example, here are given, when necessary, the directions for pre- 
paring various test reagents, explanations, original literature 
references. Many of the journal citations are to publications 
since the second revision. 

The experiments are selected and organized to develop in the 
student an appreciation for and to train him in the fundamental 
procedures and operations of practical physiological chemistry. 
The book appears admirably to meet the intentions of the 
authors. 

WALTER H. HArTUNG 


RESEARCH LABORATORIES 
Suarp & Dome, INc. 
PHILADELPHIA, Pa. 


A SCIENTIST IN THE EARLY REPUBLIC—SAMUEL LATHAM MITCH- 
ILL—1764—1831. Courtney Robert Hall. Columbia Univer- 
sity Press, New York City, 1934. vi + 162 pp. Portrait, 
15 X 23cm. $2.50. 


The author of this book is already known to readers of the 
JOURNAL OF CHEMICAL EpucaTION through a short article on the 
same subject, ‘‘A Chemist of a Century Ago,’’ THis JouRNAL, 
5, 253-7 (1928). The book is not at all a biography but is rather 
an account of the activities and influence of Mitchill and of the 
times and environment in which they were exercised. A contri- 
bution to the history of the United States, it relates but little to 
political history; it concerns an interesting and many-sided man 
effective in the formative period of the intellectual development, 
in particular of the scientific development, of this country. It 
is a contribution to the history of science. 


Mitchill’s greatness lay in the multiplicity of his scientific con- 
tacts, of the trains of thought which he started among his con- 
temporaries. He lived at a time when “‘it was still possible for a 
man to delve successfully into more than one branch of learning. 
It was, in fact, frequent that the more dispersed the delving, in 
that early age, the more probable the collision with significant 
truth.’ He was not a great chemist, but the book is one to which 
students of the history of American chemistry will wish to have 
access. 

Mitchill was born on Long Island, near Hempstead. He 
studied medicine at the University of Edinburgh, where Black 
and Cullen were then professors, graduated in 1786 and after- 
ward made a tour of Europe. In 1792 the trustees of Columbia 
College in New York appointed him professor of ‘‘chemistry, 
natural philosophy, agriculture and the other arts depending 
thereon.’”’ He rendered essential service in many ways to the 
state of New York and served in both houses of the national Con- 
gress. He was a polished orator and a facile writer of verse. 
He collected minerals, fossils, fishes, plants, and all sorts of nat- 
ural curiosities, wrote on the geology of the United States, and 
made contributions to ichthyology, botany, and ethnology which 
time has shown to be significant and of greater importance than 
his contributions to chemistry. He was a member, active, 
corresponding, or honorary, of at least fifty learned societies. 
His place in the history of chemistry rests mainly upon the facts 
(1) that he founded (with two others) and edited (as Editor in 
Chief for twenty-five out of twenty-seven years of its existence) 
the Medical Repository, the first medical journal in the country 
and an open meeting place for the discussion of chemical and 
other scientific matters, (2) that he published in 1801 a booklet 
on chemical nomenclature, based upon the usage of Lavoisier’s 
school but designed to reconcile that usage with the language and 
ideas of the phlogistonists, and (3) that he was one of the first to 
use chemical tests as a basis for the classification of minerals. 
His theory that diseases were caused by septon (by which he seems 
to have intended the lowest oxide of nitrogen) at least had the 
value that it brought about the general use of alkaline sub- 
stances, soda, lime, soap, etc., for the washing of places where, as 
we now understand the matter, the contagion might really have 
lurked. 

The book is clearly and neatly printed, and is well indexed. 
Five appendices contain interesting material, among other things 
Mitchill’s own versified exposition of the Doctrine of Septon and 
hitherto unpublished matter on the Lumachella Marble of New 
York and on the Illusions of the Human Senses. 

The copy of the book which the reviewer has received has a 
sticker, attached to the inside of the front cover, on which is 
printed the statement that ‘‘direct quotation is limited to 500 
words unless permission is given.”” This grieves us exceedingly, 
makes us tired, and gives us a pain. Such a rule may be well 
enough applied to a joke book or a package of popular songs. 
But a book for scholars! A book written for the purpose of dis- 
seminating knowledge! Quote means quote, and a quotation 
lacks validity among scholars unless its authorship is acknowl- 
edged. Is the Columbia University Press taking the position 
of the country gossip?—‘‘You may tell the story if you like. I 
know that I can’t prevent you from doing it anyway. But, what- 
ever happens, pray don’t quote me.” 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, Mass. 


TENNEY L. Davis 

THE ALIPHATIC FREE Rapicats. F. O. Rice and K. K. Rice, 
The Johns Hopkins University. Foreword by F. A. Paneth. 
First edition, The Johns Hopkins Press, Baltimore, 1935. vi 
+191 pp. 27 figs. 15 X 23cm. $4.50. 


As would be expected from the excellent work of the senior 
author in the field of chemical kinetics, this volume is a valuable 
contribution to our scientific literature. 
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The distinction between the aliphatic and the aryl free radi- 
cals of Gomberg is so big that the authors confine their brief 
mention of these latter compounds to the historical treatment 
which makes up the introduction to the subject. 

In several aspects this book shows a marked parallelism to that 
of ‘The Free Energy of Organic Compounds,”’ Parks and Huff- 
man, Chemical Catalog Co., although the two books deal with 
entirely different, but equally important fundamental fields of 
chemistry. Both books deal with transformations in the field 
of organic chemistry; both emphasize pyrogenic reactions (this 
book more than that of Parks and Huffman); both have a marked 
similarity in construction; and both are of fundamental impor- 
tance to the organic chemist. While the one book deals with 
energy relationships, the other is concerned with the velocities 
of chemical reactions and the rdéle that aliphatic free radicals 
play in the interpretation of these reactions. Both books deal 
with chemical “reactivity” but from entirely different points of 
view. 

In this book one finds complete chapters on the preparation, 
identification, properties, and reactions of aliphatic free radicals, 
and a chapter on the activation energies of elementary organic 
reactions with their interpretation in terms of bond strengths. 
The later chapters deal with the application of these principles 
to the pyrogenic reactions of the paraffin hydrocarbons, ketones 
and aldehydes, olefins, alicyclic compounds, and other compounds 
of larger and complicated molecules. The last chapter deals 
with reactions in the liquid phase and the possible place of ali- 
phatic free radicals in the interpretation of these reactions. A 
valuable table of the activation energies of some 200 reactions 
constitutes one of the appendices. 

Besides making a compilation of the systematic work that has 
been carried out in pyrogenic and related reactions the authors 
have made it one of their purposes to give reasonable mechanisms 
by which the products of most pyrogenic reactions can be pre- 
dicted. Not the least of the authors’ purposes has been to point 
out the possible importance of free radicals as intermediaries in 
many organic reactions that are now interpreted in other ways. 

As a textbook this volume can only be used advantageously in 
more advanced and specialized courses. As a general reference 
book for the chemist the reviewer regards it as one of the note- 
worthy achievements of chemical literature. 


THE UNIVERSITY oF CHICAGO 


Curcaco, Ix. T. R. Hocness 


THE NITROGEN SysTEM OF CompouNpDs. Edward Curtis Frank- 
lin, Stanford University, California. American Chemical 
Society Monograph No. 68. Reinhold Publishing Corpora- 


tion, New York City, 1935. 339 pp. 12 tables. 26 figs. 
15.5 X 23cm. $7.50. 


Those interested in the chemistry of nitrogen compounds and, 
in particular, liquid ammonia solutions have been looking for- 
ward to the appearance of this monograph for many years. An 
examination of the text reveals that the demands of even the 
most critical observer have been fulfilled. 

The monograph represents a scholarly presentation of the re- 
sults of researches conducted by the author and his students, as 
well as by workers in other laboratories, in this field during the 
past forty years. These researches are interpreted on the basis 
of a nitrogen system of compounds being quite analogous to the 
more familiar compounds of the oxygen system. As a solvent 
ammonia takes the place of water in this system, and the com- 
pounds may be regarded as derived from the parent solvent. 
Thus Franklin states, ‘Of all known liquids ammonia most 
closely approaches water in all those properties which give to 
water its outstanding place among solvents. In its capacity as 
a solvent for salt liquid ammonia is secondary to water, though 
some salts, for example the iodides of mercury, lead, and silver, 
which are insoluble in water, dissolve abundantly in liquid am- 
monia. It approaches water in its power of ionizing electrolytes. 
Solutions of salts in liquid ammonia are excellent conductors of 
electricity. It unites with salts as ammonia of trystallization, 
even surpassing water in its capacity for forming solvates. Like 
water it is an associated liquid.” 
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Tocontinue, ‘‘For example, potassium amide, which is a deriva- 
tive of ammonia in the same sense that potassium hydroxide is a 
derivative of water, shows all the properties of a base. Acetami- 
dine, as the nitrogen analog of acetic acid, meets our expectations 
in its behavior as an acetic acid. Acetamide shows the proper- 
ties of a mixed acetic acid derived simultaneously from water and 
ammonia. Calcium cyanamid and calcium cyanate are just as 
certainly calcium carbonates as is the familiar limestone. The 
first salt belongs to the nitrogen system, the second is derived at 
the same time from ammonia and water, the third belongs to the 
oxygen system. Acids, bases, and salts, alcohols, aldehydes, and 
representatives of other classes of compounds containing nitrogen 
as their dominating element exhibit all the familiar properties of 
their analogous oxygen compounds.” 

A thorough study of the monograph demonstrates beyond any 
doubt to the reader that these relationships are not formal in 
character, but real and significant. Thus a primary amine in 
ammonia solution exhibits properties which are characteristic 
of alcohols, and the amidines are really acids. An entirely new 
point of view is introduced here when one considers the chemistry 
of these nitrogen compounds in relation to a nitrogen system. It 
enables one to predict the behavior of nitrogen compounds from 
the standpoint of their chemical properties; and it should serve 
to stimulate, as well as to guide, investigators in this field. This 
point of view alone is an important contribution to chemistry. 

In the first chapter of the monograph the physical properties 
of ammonia solutions are discussed. A few chapters follow deal- 
ing with the inorganic nitrogen compounds and nomenclature. 
The following chapters are concerned chiefly with the chemistry 
of organic nitrogen compounds. Of especial interest to the 
reader are the chapters on the ammono-carbonous, -carbonic, 
-nitric, and -phosphoric acids. An appendix of more than 20 
pages illustrates and describes the manipulations in the handling 
of liquid ammonia solutions in the laboratory. Frequent refer- 
ences are made to the literature throughout the ‘monograph. 


THE UNIVERSITY OF CHICAGO 
Curcaco, ILL. WarREN C. JOHNSON 


THE PorTRY OF MATHEMATICS AND OTHER Essays. David 
Eugene Smith, Professor Emeritus of Mathematics, Columbia 
University. Scripta Mathematica Library, Yeshiva College, 
New York City, 1934. v +93 pp. 12.5 X 18.5¢cm. $0.50 
in paper, $0.75 in cloth. 


It is only fair to preface comment on this little volume of essays 
with the statement that it suffered the handicap of rather high 
expectations on the part of the reviewer. The title essay, in 
particular, elects one phase of a topic in which the reviewer has 
always felt a warm and sympathetic interest—the esthetic as- 
pects of science. Unfortunately, the reviewer’s own powers of 
expression are incommensurate with his capacity for appreciation 
in this field, and he hopes, all the more eagerly on that account, 
to find sometime that someone has said well a few of the things 
which he despairs of saying. 4 

One of the paramount difficulties which confronts any com- 
mentator on esthetics is that of selecting words which may be 
used in their dictionary senses or which, indeed, may be used con- 
sistently in any one sense throughout the course of a discussion. 
We have become reconciled to this difficulty in connection with 
esthetic criticism in music and the graphic arts and to some ex- 
tent in literature, and we make concessions to the commentator— 
concessions which are often abused to the end that much solemn 
nonsense is perpetrated and solemnly applauded. As we progress 
from those branches of esthetics which are predominantly sen- 
sory in their appeal toward those whose beauties are purely in- 
tellectual, it becomes increasingly more difficult for the commen- 
tator to choose his language with precision, and correspondingly 
more difficult for the reader to overlook or condone errors of 
choice. 

The present author has been particularly unfortunate (or mis- 
guided) in making the same collection of letters do duty for two 
different (and sometimes it seems to the reviewer two totally un- 
related) ideas. The effect is sometimes as shocking as that of 
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a very bad and tasteless pun. The mention of poetical ‘“num- 
bers’’ in the sense in which Longfellow uses the term in the open- 
ing lines of his Psalm of Life by way of pointing out a mathemati- 
cal element in poetry is a flagrant example. 

Another example, not quite so obvious in outward form, but 
closely related in essence occurs in the discussion of ‘‘points of 
contact” between poetry and mathematics. Voltaire is quoted 
to the effect that: ‘‘One merit of poetry few will deny; it says 
more and in fewer words than prose.’’ In instance Professor 
Smith quotes Dr. Nitobe’s translation of that exquisite little 
Japanese lament of a mother for her dead child. 


“‘How far, today, upon the chase, I wonder, 
Has gone my little hunter of the dragon fly—” 


He then paraphrases Voltaire to the effect that mathematics says 
more and in fewer words than any other science. Mathematics 
and poetry therefore have in common the quality of brevity— 
that beauty of economy which is the consequence of casting out all 
dross. 

To the reviewer this common quality of brevity establishes 
only the most superficial likeness between poetry and mathe- 
matics. Contemplation of it leads to a far more profound con- 
viction of difference than of likeness. Poetry can be economical 
because it actually says so little—because it leaves the sensitive 
and experienced reader the opportunity of reading so much into it. 
The mathematical equation is economical because its extremely 
condensed symbolism enables it to set down a great deal in a very 
small space. Any reader who has learned the symbolism can 
read precisely what is in it but he must beware of reading any- 
thing at all imto it. In short the basis of poetical brevity is sub- 
jective; that of mathematical brevity is objective. 

Further, the author maintains that poetry and mathematics 
are akin in that both embody truth. Now truth is a treacherous 
word at best and one is often puzzled to know what it may mean 
in any connection. Most of us would maintain, however, that 
it cannot mean the same thing in application to mathematics 
that it does when applied to poetry. 

It may seem a trifle harsh to criticize one writer for a fault that 
thousands exhibit. Yet there is something in the nature of the 
subject matter of this essay which makes that fault glaringly ob- 
vious. One cannot ignore the sense of incongruity in the spec- 
tacle of a mathematician who would carefully distinguish between 
x and x’ using the same symbol to represent ideas which might 
better be designated b and y, and indeed implying that they are 
identities. 

In consideration of the family resemblance between poetry and 
religion, it is not surprising that the essay modestly entitled 
“Religio Mathematici” should exhibit much of the style and 
method we have noted in the essay on ‘‘The Poetry of Mathe- 
matics.’”’ There is the same tendency to make words do double 
duty and to obscure the fact that they are doing so. The author 
appears to have been so diverted by the pretty pastime of ar- 
ranging phrases in formal patterns that he only hints occasion- 
ally at what the real meat of his subject might have been. The 
parallel sets of mathematical and religious postulates which he 
draws up may serve to illustrate. 


MATHEMATICS 


1. The Infinite exists. 

2. Immortal laws exist. 

3. The laws relating to finite magnitudes do not hold respect- 
ing the infinitely large or the infinitely small. 

4. The existence of hyperspace is entirely reasonable. 

5. No factor is ever lost. 

6. Time may be a closed curve. 


RELIGION 


God exists. 

God’s laws exist. 

God’s laws are entirely different from ours. 
There are spaces beyond ours. 

The soul exists and is eternal. 

God looks at time as a whole. 


“The Call of Mathematics” deals with the place of mathemat- 
ics in a general education. The utility of the subject, its mini- 
mum essentials, its cultural aspects, and the present status of 
elementary instruction are discussed. Here the author handles 
his subject more straightforwardly. Teachers of elementary 
mathematics and science should read what he has to say. 

The historico-biographical notes on ‘‘Thomas Jefferson and 
Mathematics” and on ‘“‘Gaspard Monge, Politician” are interest- 
ing and well written. 

In spite of the criticisms offered, the reviewer recommends the 
reading of this little collection of essays. H® recommends, how- 
ever, that much of it be read like poetry—not so much for what 
is set down as for what may be suggested to the mind of the 
reader in the process. 


Otto REINMUTH 


FUNDAMENTALS OF DarRY SCIENCE. By Associates of Lore A. 
Rogers. American Chemical Society Monograph No. 41. 
Second edition, Reinhold Publishing Company, New York 
City, 1935. 616 pp. illus. 15 X 22 cm. $6.00. 


The first edition of this book was reviewed in THis JOURNAL, 
5, 632-3 (1928). The present second edition follows the same 
general plan as the original issue, although the persons respon- 
sible for the revision of the various chapters are not in every in- 
stance the original authors of the sections being revised. The 
list of contributors has been expanded and the size of the book 
has increased by 73 pages. 

To those whose work even remotely touches upon some phase 
of dairy science it is useless to detail the merits of this volume. 
Most of them probably already have the new edition on their 
shelves, or will have it as soon as they are aware of its availability. 

To those who have no knowledge of the scientific aspects of 
the dairy industry the reviewer can recommend this volume as a 
mine of authentic information dealing respectively with the chem- 
istry, physical chemistry, and technology of the constituents of 
milk, the microbiology of milk and milk products, the nutritive 
value of milk and milk products, and the physiology of milk se- 
cretion. 

Written as it is by a group of collaborators, all of whom have 
at some time been associated with Lore A. Rogers, it presents the 
integrated views of many specialists in the field of dairy science. 
In spite of the diverse authorship of chapters and sections there is 
a remarkable continuity of thought. True, there is some repeti- 
tion of ideas and subject matter, but perhaps these may well serve 
to emphasize important facts. More than 2250 citations are 
given to literature sources. 

The dairy industry is fortunate to have available such an ex- 
haustive and authoritative vade mecum and the American Chemi- 
cal Society is to be congratulated for providing in its series of 
monographs one which will so well serve one of America’s major 
industries. 


UNIVERSITY OF MINNESOTA 
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Ross AIKEN GORTNER 


BRITISH CHEMICALS AND THEIR MANUFACTURERS. Association 
of British Chemical Manufacturers, 166 Piccadilly, London, 
W.1, England, 1935. 459 pp. 138.5 X 21.5 cm. Gratis to 
genuine purchasers of chemicals upon direct application to 
the Association at the address noted. 


Tue INVESTIGATION OF ENGINEERING EDUCATION AND RELATED 


Activities. 1922-1923. Summary or Resutts. Charles F. 
Scott, Chairman, Board of Investigation and Codérdination, 
Society for the Promotion of Engineering Education. 1934. 
ii +37 pp. 15 X 21.5cm. $0.10. 

Pamphlet summary of the Society’s two-volume, 1700-page 
report. The original report and the summary can be obtained 
from the Society’s secretary, F. L. Bishop, University of Pitts- 
burgh. The report is $3.00 per single volume or $5.00 per set. 
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ELECTING AN ALMA MATER. This is the season of the 
S year when teachers and others presumably qualified to act inan 

advisory capacity are bombarded with inquiries from high- 
school seniors foresighted enough to appreciate the desirability of 
selecting an institution of higher learning with care. Some of the 
questions that reach this editorial office are rather naively ex- 
pressed. Examples are: ‘‘What college or university offers the 
best course in chemistry?”’ and ‘‘Will you please list for me the ten 
best chemical departments in the United States?’”’ Obviously, 
questions like these cannot be answered categorically. Yet the 
desire for guidance which prompts them merits an informative 
reply. We believe that such a reply should take the form of ad- 
vice which will aid the student in making his own selection rather 
than that of a selection made for him. But what sources of in- 
formation are both available and interpretable to a high-school 
student, or indeed to his more mature and experienced advisers? 

The field of choice may sometimes be narrowed by a considera- 
tion of the student’s circumstances. Must the institution he is to 
attend be located within a certain geographical area? Will his 
college budget be limited to a certain maximum sum? 

Of the institutions left open to choice by these limiting factors 
the student without other means of selection will probably do best 
to confine his attention to those which are given high ranking by 
the various general accrediting agencies. The rankings of special 
accrediting agencies should not be ignored but it must be re- 
membered that it is seldom that all the departments of an in- 
stitution are of equal strength. A high-ranking school of engi- 
neering does not necessarily guarantee a strong department of 
chemistry. 

Some information may now be gained from the catalogs of the 
respective institutions which remain for consideration. The 
student should not become too much discouraged if he can inter- 
pret only a little of the catalog material. Many mature in- 
vestigators experience the same difficulty. There are, how- 
ever, a few general questions to which he should seek answers. 
Is the size of the teaching faculty adequate in relation to the 
average student enrolment in the department? Are the major 
branches of chemistry (organic, inorganic, analytical, physical) 
represented by faculty’ members of professorial rank? Is 
general chemistry actually taught by one of the higher ranking 
members of the department or is it delegated to instructors? 
Is the institution equipped with an adequate chemical library? 
Other questions not necessarily damning if answered in the 
negative but which may be given favorable notice if affirmatively 
answered are: “Is any differentiation in elementary instruction 
made between students who offer high-school chemistry credits 
for entrance and those who do not”; ‘‘Is there any differentia- 
tion between students who take elementary chemistry as a cul- 
tural subject, those who take it as a service subject in preparation 
for professional or technical careers outside of chemistry, and 
those who expect to major in chemistry?” 

The possibilities of library research which a high-school student 
would find profitable are now practically exhausted. There re- 
main some additional questions which he must exercise some in- 
genuity in getting answered. ‘‘Is the department under con- 
sideration uniformly successful in placing its graduates?’”’ Some- 
thing may often be ascertained on this point by straightforward 





inquiry. The inquirer should not be so guileless as to suppose, 
however, that any department head will give himself any the 
worst of it in answering this question. A mere ‘‘yes’” should be 
rated at approximately zero. The sort of answer which may be 
taken at face value runs somewhat as follows: ‘Of the x gradu- 
ates in chemistry in the class of ’34, y now hold industrial posi- 
tions, z are engaged in post-graduate work at this or other insti- 
tutions, and m are engaged in teaching.” Due allowance should, 
of course, be made for the scarcity of all positions in the last few 
years. The same question may be approached from a different 
angle. ‘Do the chemical industries and the educational institu- 
tions in this territory draw any considerable proportion of their 
chemical personnel from the institution in question?’ Here 
direct inquiry is likely to prove more fruitful. 

The inquiring student should, of course, seize every oppor- 
tunity to meet and converse with chemical alumni of the institu- 
tion he contemplates entering. He need hardly expect an alum- 
nus to speak otherwise than well of his alma mater. What he 
must attempt to find out by indirection is whether or not the 
alumnus remembers any of the chemical faculty as outstanding 
teachers, whether or not he found himself well prepared for the 
work he undertook when he left school, whether or not his aca- 
demic background was an aid to him in obtaining a position, etc. 

All this seems little enough to tell the earnest student who 
comes seeking advice, but we fear that there is not much to add to 
it. If anything were needed to emphasize the point of Dr. Howe’s 
editorial on ‘‘Chemical Training” in the April number of Indus- 
trial and Engineering Chemistry, the paucity of reliable, objective 
information available to prospective matriculants should do so. 
Other professional groups, notably the medical and engineering, 
have accepted responsibility for the accrediting and classifying of 
educational institutions and for the vocational guidance of pos- 
sible recruits to their ranks. The American Chemical Society 
might well take a vital interest in a work for which there is so 
pressing a need, and which, moreover, so closely concerns its own 
future health. 
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HE STUDY of enzymes as a means of contributing 

to the understanding of life processes has been re- 

tarded largely because of practical difficulties. 
For instance, an enzymatic investigation of micro- 
organisms can give only an average value of their ac- 
tivities, since enzyme extracts must be prepared from 
large numbers of the organisms, which exist in many 
different stages of development, making it impossible 
to learn much about the single organism. Then, too, 
an enzymatic study of tissue is confused because the 
tissue contains different types of cells with different 
functions. Accordingly, with the present macro meth- 
ods, an enzyme extract of tissue can give only a con- 
glomerate picture of the enzyme status in the cells. 
Of course, in the ideal case, enzyme investigations 
would be carried out on single cells, but as Linderstrom- 
Lang and Holter showed, this would require a 100,000- 
fold refinement of current macro methods. As an ap- 
proach to this ideal state, Linderstrom-Lang and Holter, 
at the Carlsberg Laboratory in Copenhagen, have de- 
vised an ingenious apparatus which they and their col- 
laborators have adapted to micro enzyme investiga- 
tions. These methods refine the usual macro proce- 
dures 1000 times without loss of accuracy, and even 
make possible enzyme or chemical studies on single 
microtome slices of tissue or biological units such as a 
sea-urchin egg. 

By these means, a small group of cells of the same 
kind, or of the same location, can be studied enzymatic- 
ally, and by means of parallel microscopic study, the 
enzyme functions of definite cells can be determined. 


APPARATUS} 


The reaction vessel consists of a small tube 2 cm. 
long with a capacity of about 250 cmm. (A, Figure 1). 
It is held upright by inserting the closed end into a 
small wooden block (1). 

There are two types of pipet employed (1). The 
one (Figure 1) consists of a glass tube drawn out to a 

* Contribution to the symposium on The Chemistry of En- 
zymes conducted by the Division of Agricultural and Food Chem- 
istry at the eighty-eighth meeting of the American Chemical 
Society, Cleveland, Ohio, Sept. 12, 1934. ‘ 

+ Available from the Burrell Technical Supply Co., Fifth 
Ave., Pittsburgh, Pa. 
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FIGURE 1 


capillary, with a slight bend at the tip so that it can 
make contact with the wall of the reaction vessel. 
The pipet is calibrated by etching a mark at the proper 
position on the stem. The vessel with the liquid to be 
pipetted is placed upon the table and raised until the 
tip of the pipet dips under the’ surface of the liquid. 
Then stopcock H is closed, K opened, and a gentle suc- 
tion applied through tube S until the liquid is drawn 
just above the mark on the stem, which is observed 
through the low-power microscope, VM. K is then 
closed, and the moment the meniscus falls to the mark, 
the table is quickly lowered to clear the pipet of the 
liquid. The surface tension at the tip of the pipet is 
sufficient to prevent the liquid from running out. Now 
the vessel to receive the liquid is placed upon the 
table and raised until the tip of the pipet touches the 
wall near the bottom; then the liquid is forced out 
under constant pressure by opening H. The pressure 
is determined by the height of the column of water be- 
tween the surface and the open end of the glass tube 
in T. 


253 





254 


While this pipet can be used for small amounts of 
liquid (5 to 10 cmm.), the other is an automatic type 
to be used to simplify the accurate measurement of 
larger amounts (20 to 40 cmm.) (Figure 2). It con- 


FIGURE 2 


sists of a narrow glass tube drawn out to a capillary at 
both ends so that, with one atmosphere pressure, the 
fineness of the tips will prevent the liquid from running 
out. R is the siphon arm connecting the pipet to the 
reservoir of liquid placed about 50 cm. above the in- 
strument. The pipet is filled in the following manner: 
L is closed, K and H are opened so that the liquid 
fills the outer chamber. When the level is a few mm. 
above the upper tip of the inside pipet, H is closed, and 
the pressure from the reservoir forces the liquid into 
the pipet. Then with K closed, L and H are opened to 
drain away the excess liquid. The pipet is emptied by 
closing L and H and opening K. The reservoir pres- 
sure compresses the air in the chamber, and forces the 
liquid out of the pipet. 

A pipet of the first type with a capacity of 7 cmm. 
operated with an error less than 0.3%, while the latter 
pipet of 30 cmm. capacity has an error of measurement 
of less than 0.1%. 

The method of stirring (1) the very small volumes of 
liquid used in this technic consists in using little sealed 
glass balls which have been filled with iron powder. 
One of these so-called ‘‘fleas’’ is placed in the reaction 
tube and stirring is effected by means of an electro- 
magnet E (Figure 3) which is connected in series with 
an interrupter. The magnet goes off and on about two 
times a second causing the ‘‘flea” to jump up and 
down, thus giving very efficient stirring. . 

Stoppers are made for the reaction vessels by closing 
one end of a short section of rubber.tubing with a glass 
plug. When it is desired to keep a. digestion mixture at 
a given temperature, the stopper is placed on the reac- 
tion tube, and the whole is immersed in the water of a 
thermostat by a copper wire twisted around the tube 
at one end, and suspended by the other from a rod above 
the thermostat. 

The micro buret (Figure 3) is made of a capillary 
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FIGURE 3 


tube about 60 cm. long. Its total capacity is 100 cmm. 
graduated in 0.2 cmm. Readings are taken to 0.02 
cmm. In the bottom of the buret is a mercury reser- 
voir, and turning in the screw forces the thread of mer- 
cury up the tube which, in turn, forces the liquid out of 
the buret. Readings are made by noting the position 
of the top of the mercury column. The buret is filled by 
reversing the screw while the tip of the buret dips into 
the standard solution. The tip of the buret, S, dips 
into the liquid to be titrated and a ‘‘flea”’ stirrer agitates 
the solution in the vessel during the titration. The 
endpoint is determined by comparing the color of the 
titrated liquid with that of a standard color liquid in 
another tube placed beside it. Evaporation is reduced 
during the titration by the loosely fitting glass cap 
around the tip of the buret, held suspended by two 
threads. The titration can be duplicated to 0.02- 
0.04 cmm. 


METHODS 


With the apparatus just described, Linderstrom- 
Lang and Holter devised a method for the determina- 
tion of proteinase and peptidase activity (2). Seven 
cmm. of enzyme preparation (usually a 30% glycerol 
extract) is added to 7 cmm. of buffered substrate (the 
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buffering is effected merely by adding suitable amounts 
of acid or base to the protein or amino acid used as sub- 
strate). The whole is then digested at 40°C. for two 
hours, and the increase in NH groups is determined by 
the Linderstrom-Lang acetone titration. One hundred 
fifty cmm. acetone containing naphthyl red indicator 
is added to the reaction mixture, and the titration is 
carried out with NV/20 alcoholic HCl. The maximum 
deviation encountered in a series of these titrations was 
0.08 cmm. (an error of 0.08 cmm. V/20 HCl equals 0.056 
gamma amino nitrogen). 

Linderstrom-Lang and Holter have developed a 
method for the micro determination of sugars which 
could be adapted to carbohydrate studies (5). It is 
essentially a Willstatter-Shudel iodometric titration. 
Seven cmin. of sugar solution of a concentration up to 
11/2% is pipetted into the bottom of a reaction vessel 
which has been paraffined internally. A ‘‘flea” 
(D, Figure 4) is added, 50 cmm. of carbonate buffer 
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FIGURE 4 














FIGurE 5 


(pH 10.6) is added, and the two solutions are mixed. 
Then 14 cmm. of 0.15 N I; in KI is introduced from 
the automatic pipet so that the I, sinks to the bottom 
of the drop. Then 50 cmm. 1.2 N H2SO, is introduced 
with a hand pipet (Figure 5) to form a droplet, B, above 
the mixture, C. Another film of liquid A consisting of 
30 cmm. 0.3% starch solution in N/100 H2SO,, is 
placed above B. These films prevent evaporation of 
I,. After 30 min. the reaction tube is placed inside a 
centrifuge tube and centrifuged for 1 min. at 1500 
R.P.M. The centrifuging causes the liquid films to 
collapse and mix with the alkaline mixture at the bot- 
tom. After centrifuging, the excess I; is titrated with 
N/20 NapS.O; using a second type of buret (Figure 6). 



















































FIGURE 6 


This buret is the same as the one previously described 
except that there is an air space between the mercury 
and the standard solution. This buret must be used 
with solutions that might be influenced by contact 
with mercury. Turning screw S enables either a small 
positive or negative pressure to be applied over the left 
column by raising or lowering the right column. Thus 
the liquid can be drawn into or ejected from the buret. 
This method was checked for the titration of glucose, 
maltose, sucrose, fructose, and starch separately, as 
well as mixtures of these. 

Last year Linderstrom-Lang and Holter devised a 
micro method for the determination of ammonia (6) 
with the view of applying it to micro enzyme investi- 
gations. It may be used for urease determinations, 
and in a recent communication the author was informed 
that it has been adapted for Kjeldahl analyses. The 
solution to be analyzed for ammonia, up to a volume of 
14 cmm., is pipetted into the bottom of a paraffined 
reaction vessel. A ‘‘flea’”’ is added and with the tube 
horizontal, a drop of 2 N NaOH is placed near the 
bottom, but not touching the ammonia solution. A 
film of water (35 cmm.) is placed near the top of the 
vessel. The tube is now placed in a vertical position 
which causes the drop of base to run down into the 
ammonia solution. Immediately, 7 cmm. of standard 
HCI containing bromcresol purple is pipetted into the 
water film. The vessel is closed with a stopper, by 
means of a “‘flea’”’ the unknown is mixed with the NaOH, 
and the vessel is half immersed in a thermostat at 40 de- 
grees for 5 hours. This is more than enough time for 



























































FIGURE 7 


all the ammonia to distil out of the lower drop into the 
upper drop containing the standard acid. The excess 
standard acid is now titrated with V/100 sodium borate. 
The titration arrangement is shown in Figure 7. The 
tubes are placed diagonally so that the “‘flea’”’ will have 
the longest possible path in which to travel. The color 
of the endpoint is determined by comparison with a 
similar film buffered to pH 5.9 in an adjacent tube. 
The buret is of the first type except that it is connected 
to a bottle of standard borate through B. The table 
movable in 3 dimensions by the three screws is the type 
of titration table now employed for all work. The 
greatest deviation between single estimations is 0.1 cmm. 
N/100 borate (equal to 0.014 gamma nitrogen). The 
error, taking average values, is of course much less. 
Working with Linderstrom-Lang and Holter, the 
author adapted the apparatus to the micro estimation of 
lipolytic enzymes (8). Titration of the acid liberated 
by enzymatic hydrolysis of fat or ester could not be 
determined by titration with alkali since CO, of the air 
interfered. Accordingly an acidimetric method was 
developed with an endpoint below pH 7. The buffer 
employed was a solution of pH 8.7 composed of 0.1 NV 
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NaOH with glycine to 0.4 N. The pH of glycine is 
about 9.5, and that of butyric and other organic acids 
present in the usual substrates is near 4.5. Hence the 
pH for a sharp endpoint was chosen at 6.5, bromthymol 
blue being used as the indicator. The acid formed by 
the enzyme action reacts with some of the base of the 
buffer so that the amount of standard acid needed to 
reduce the pH to 6.5 is less than that required in a 
control tube with zero enzyme action. The deter- 
mination is carried out by adding 6 cmm. 30% glycerol 
extract of the enzyme to 7 cmm. buffer-substrate mix- 
ture. The solutions are stirred with a ‘‘flea,’”’ incubated 
at 40 degrees, the enzyme action stopped by adding 50 
cmm. 2% phenol solution containing bromthymol blue, 
and the whole is titrated with V/20 aqueous HCl. The 
greatest deviation in a series of titrations was 0.14 cmm. 

That the micro technic might be applied to the deter- 
mination of phosphatase, the author with Linder- 
strom-Lang and Holter developed a micro method for 
inorganic phosphate depending upon the precipitation 
of MgNH.PO,. The precipitate formed in a small 
reaction tube is washed by centrifuging down the 
precipitate, decanting the supernatant liquid by with- 
drawing it with a capillary tube, adding a washing liquid 
(alcohol), stirring, again centrifuging, decanting, and 
washing three times with acetone. The precipitate is 
then dissolved in N/10 HCl and the excess HCl is 
titrated in a manner that will not include the H;PO, 
formed by solution of the MgNH,4PO, with HCl. For- 
tunately, H;PO, is not ionized in acetone, so that an 
acetone titration with base will measure only the excess 
HCl. Because of carbonate formation and the fact that 
alcoholic KOH does not flow smoothly through the fine 
capillary of the buret, the use of alkali for the titration 
of the HCl was abandoned. Instead the acetate ion 
was used. Since acetic acid formed by the neutraliza- 
tion of acetate ion and hydrogen ion is not ionized in 
acetone, the acetate ion will react with any hydrogen 
ions present with the same ease as hydroxyl ions would. 
Hence the standard solution employed was M/20 
CH;COO NH, with added CH;COOH to stabilize the 
solution. By this method 5 gamma of phosphorus may 
be determined with less than 1.0% error, and 1 gamma 
with about 5.5% error.* 

It might be mentioned that the author has succeeded 
in developing the micro titration of vitamin C with 
2,6-dichlorophenol-indophenol (15). The titrations are 
reproducible to +0.0001 mg. of ascorbic acid. This 
method is now being applied to a histochemical study of 
the adrenal and other organs. 


APPLICATIONS 


The applications of the technic described have been 
very diverse. First, Linderstrom-Lang and Holter, 
because they were interested in the relation between 
enzyme activity and growth of living organisms, in- 


* In a recent communication to the author, Linderstrgm-Lang 
and Holter state that they have been able to apply the micro 
technic to the determination of phosphorus by the Lohmann 


method. 
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vestigated the distribution of peptidase in the roots and 
sprouts of sprouting barley (2). From the sprout or 
root, microtome sections 200u thick were taken along 
the longitudinal axis, and the peptidase activity of 
each section was determined. It is seen that the maxi- 
mum activity is found just behind the growth center V 
(Figure 8) which is situated under the root cap. Be- 
cause of the changes in the ratio of the splitting of the 
alanyl glycine and leucyl glycine the authors conclude 
that there must be either two peptidases, or one enzyme 
and one or two activators or inhibitors. 
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FIGURE 8 


In the next application of their technic, Holter and 
Linderstrom-Lang studied the proteinases of Drosera 
rotundifolia, an insectivorous plant (3). They were 
interested in the enzymes this plant secretes to digest 
for its food the insects that fly into its trap. The 
leaves forming the trap are lined with fine red hairs, and 
tiny drops of secretion appear on them. This secre- 
tion was transferred to pieces of filter paper (2 X 2 mm.) 


257 


which were then extracted with 60% glycerol. The 
extract was allowed to act upon edestin and micro 
titration was performed to determine the extent of the 
hydrolysis. Similarly the proteinases of the hairs 
and leaf tissue were studied. About 500 hairs were 
shaved from a leaf, and crushed with 300 cmm. of 
glycerol to form an extract. Leaf tissue extract was 
made by extracting 7 leaves, with the hairs shaved off, 
with '/. cc. of 60% glycerol. After centrifuging these 
preparations, 7 cmm. of extract was used for each deter- 
mination. The pH determination was carried out with 
a micro quinhydrone electrode devised by Kuntara 
(14). Acid was added to the edestin substrate to form 
the properly buffered solution. The results shown in 
Figure 9 reveal a proteinase in the secretion with a 
pH optimum of 3.2 (curves I and II) and an endo- 
enzyme in the tissue of pH optimum at 4.3 (curve IV). 
Curve III is that for the hairs, and it shows an over- 
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FIGURE 9 


lapping of the properties of the enzyme of the secretion 
and of the tissue. 

The next application of the micro technic was a study 
of the peptidase content of the eggs of the two marine 
invertebrates, the California sand dollar, and Urechis 
caupo (4). The eggs of these animals weigh approxi- 
mately '/. gamma wet weight or about '/2: gamma dry 
weight. The Urechis caupo egg can hydrolyze its own 
weight of alanyl glycine in one hour at 40°, while the 
California sand dollar egg hydrolyzes twice its weight 
of the substrate in one hour at 40°. An egg in sea water 
was extracted with 7 cmm. of glycerol, 7 cmm. of an 
alanyl glycine solution containing NaOH to bring the 
pH to 7.5 was added, and the digestion and titration 
were carried out as described previously for peptidase 
determinations. 
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TABLE 1 


REPRODUCIBILITY OF THE VALUES OF ENZYME ACTIVITY IN UNFERTILIZED 
Urechis EGGS. REACTION TIME, 18 HOURS, 40°. COMPOSITION OF ME- 
DIUM BEFORE ADDITION OF SUBSTRATE SOLUTION, 30% GLYCERIN, 10% sEA 
WATER. ‘TIME OF REACTION BETWEEN MEDIUM AND EGGS BEFORE ADDITION 
OF SUBSTRATE SOL, 60 MINUTES. ’ 


Observed 
Activity 
mm? M /20 

HCl 
32, 1.20 
16, 1.27 
30, 1.32 
01, 4.97 
.05, 5.03 
89, 4.93 
.91, 5.05 
01 


05, 5.07 
87, 4.97 
88, 4.96 
82, 3.88 
.86, 3.84 
32, 5.22 
18, 5.28 


Ani- Number 
mal of Eggs 
A 1 


Average Remarks 


1.26 First day 


First day 


Second day 


3 days later 


Table 1 shows the order of magnitude of the hydroly- 
sis. It also shows that eggs from the same animal have 
nearly the same enzyme activity, though this activity 
varies from animal to animal. Table 2 shows that after 
fertilization the enzyme activity first falls, then rises 
to a maximum, and finally falls again. By cutting the 
eggs with a glass needle on a micro manipulator it was 
shown that the part containing the nucleus seems to be a 
little more active than the other part, but the sum of 
their separate activities equaled that of the whole egg. 
It was shown also that the sperm of these animals, and 
the jelly surrounding the California sand dollar, are 
without peptidase activity. 


TABLE 2 
VARIATION OF ENZyME Activity oF Urechis EGGS AFTER FERTILIZATION 


Average 
Activity 
mm.* M /20 
HCl 


Animal 
and Time after Ferti- 
Digestion lization, 
Period Hours 
Cc. 8 hrs. Before fertilization 3.27 
0.25 2.53 
3 3.06 4 divisions of egg 
3 
1 


Remarks 


6.3 65 First movements of embryo 
32 .74 Large, well developed mo- 
tile embryos 


Before fertilization .18 
0.75 .92 
1.4 .93 
3.2 .38 
6.8 .75 

20 0.94 


1 division of egg 

5-6 divisions of egg 

First movements of embryo 

Well-developed, motile em- 
bryos 


Working with Linderstrom-Lang and Holter, Philip- 
son studied the eggs of Psammechinus miliaris (7). 
The eggs were placed between a layer of isotonic suc- 
rose solution and a less dense layer of sea water. Upon 
centrifugation at from 8000 to 13,000 R.p.M. the eggs 
divided into two or more parts with different specific 
gravities, appearance, and transparency. Table 3 
shows that the sum of the peptidase activities (using 3 
eggs and alanyl glycine as substrate) of the parts is 
equal to that of the intact egg. The upper and lower 
parts have about the same enzyme activity though the 
volume of the upper portion is 4 times that of the lower. 
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The yolk portion is in the lower part, and so has greater 
activity per unit weight than the rest of the egg. 


TABLE 3 


ENZYME ParRTITION IN Ecos oF Psammechinus miliaris—18 Hours at 40° 
3 Eccs or EGG PARTS PER EXPERIMENT 
Enzyme 
Activity 
mm.3 M /20 
HCl 
Average 
4.24 


Relative 
Object Size 


Intact Egg 100 
Upper Part 80 2.14 
Lower Part 20 2.33 


Intact Egg 100 3.74 
Upper Part 80 1.65 
Lower Part 20 1.88 


Another application of the histological micro method 
involved the study of the distribution of the enzymes 
in the stomach and duodenum (9-13). Fresh hog 
stomach and duodenum kept at —12°C. until 
needed, was the source of the material. A small 
sharp cork borer of 2 mm. diameter was used to drill 
out, through the wall of the organ, cylinders of tissue 
which were placed on a frozen section microtome at 
once and sectioned. In different experiments the 
slices taken were from 10 to 25yu thick. Each slice 
was placed in a separate reaction vessel, 7 cmm. 30% 
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glycerol was added to extract the enzyme; 1 to 2 hours 
later, 7 cmm. substrate was added, and the deter- 
mination was carried out as already described. Besides 
the specimen taken for enzyme estimation, a similar 
cylinder of tissue was removed for histological study. 
The results of this work are shown in Figure 10. Asan 
example, a section through a gland in the fundus of the 
stomach is pictured. The epithelial cells (A) lining 
the inside of the stomach soon give way to the parietal 
(B) cells, which gradually disappear farther down from 
the surface until the chief (C) cells predominate. 
Below the C cells is the muscular layer composing the 
outside of the stomach pouch. Now it may be seen 
that the HCl has a maximum concentration about 1/2 
mm. from the inside surface, corresponding exactly 
to the presence of the B cells. Hence, here is direct 
evidence that the HCI secretion is connected with the B 
cells. The peaks in the pepsin and peptidase curves 
correspond to the maximum incidence of C cells, thus 
fixing the responsibility for the presence of these en- 
zymes upon this particular type of cell. It should be 
noted that the fundus is the only portion of the stomach 
where any acid is contained in the cells. It might be 
mentioned that the acid was determined by titration 
with N/100 borate in a manner similar to that described 
in the ammonia method. The relatively high con- 
centration of pepsin in the fundus, and low concentra- 
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tion in the pylorus and cardia, is just reversed in the 
case of peptidase. 

An interesting feature of the results obtained with 
duodenum is the dip in the curves about 1!/. mm. 
from the inside surface. At this point a thin muscle 
layer separates the surface cells on the inner side from 
the Brunner glands on the other side; below these 
Brunner glands is the heavy muscular layer. The dip 
is obviously due to the weaker enzyme activity of the 
muscle tissue. The lipase curves show a consistent 
peak just under the inner surface of the stomach and 
duodenum, and a fairly high activity in the muscular 
layer comprising the outer wall. 

This then should give an idea of the apparatus, 
methods, and applications of the Linderstrom-Lang 
Holter technic from its beginnings in 1931 to the 
present. The value of these methods for further 
enzyme work, and for purely chemical investigations of 
a micro order, needs no comment. By extending the 
view of those working in the life sciences beyond the 
field of the microscope into the chemical constituents 
and actions of individual cells, the Linderstrom-Lang 
Holter technic has indeed marked a real step forward. 

The author wishes to express his sincere gratitude to 
Drs. K. Linderstrom-Lang and Heinz Holter of the 
Carlsberg Laboratory, Copenhagen, for their suggestions 
in the course of preparation of this manuscript. 
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Almost all the investigations upon which modern industry has been built would have been crushed at the outset 
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search, yet from these seeds come the mighty trees under which civilized man has his tent, while from the fruit he 
gains comfort and riches —Str RicHARD GREGORY 





HONORS WORK wa CHEMISTRY 
at SWARTHMORE COLLEGE 


H. JERMAIN CREIGHTON 


Swarthmore College, Swarthmore, Pennsylvania 


HE department of chemistry of Swarthmore 
College offers to its major students courses lead- 
ing to the degree of A.B. This degree may 
be taken ‘‘in course’’ or ‘‘with honors,” depending on 
the nature of the work done in the junior and senior 
years. During the first two years all major students 
in chemistry complete a course in general inorganic 
chemistry and one in analytical chemistry, as well as 
two courses in German, two in mathematics, and one in 
physics, a ‘‘course’’ being designed to take one-quarter 
of a student’s time during the academic year. Stu- 
dents who, at the end of their sophomore year, have 
shown themselves capable of higher than average in- 
tellectual attainment are permitted to work for the 
A.B. degree with honors during their last two college 
years. 
The theory underlying honors work was outlined by 
President Aydelotte in his inaugural address at Swarth- 
more College on October 22, 1921, as follows: 


We are educating more students up to a fair average than any 
country in the world, but we are wastefully allowing the capacity 
of the average to prevent us from bringing our best up to the 
standards they could reach. Our most important task at present 
is to check this waste. The method of doing it seems clear: 
to give to those students who are really interested in the in- 
tellectual life harder and more independent work than could 
profitably be given to those whose devotion to matters of the 
intellect is less keen, to demand of the former, in the course of 
their four years’ work, a standard of attainment for the A.B. 
degree distinctly higher than we require of them at present... 
With these abler students it would be possible to allow them to 
specialize more because their own alertness of mind would of 
itself be sufficient to widen their intellectual range and give them 
that acquaintance with other studies necessary for a liberal point 
of view... 


Honors work at Swarthmore is offered in four divi- 
sions and is under the supervision of committees of the 
departments which compose those divisions. The 
Division of Mathematics and the Natural Sciences is 
composed of the departments of botany, chemistry, 
mathematics and astronomy, physics, psychology, and 
zoology. Between these departments there is close 
coéperation, especially between the department of 
chemistry and the departments of mathematics, 
physics, and zodlogy. To be admitted to honors 
work, major students in chemistry must make applica- 
tion to, and be accepted by, a committee representing 
each of the departments of the Division. If accepted 
by this committee, they devote five-eighths of their 
last two years to the study of chemistry, while the 
remainder is divided between two related subjects 
within the Division of Mathematics and the Natural 
Sciences—usually mathematics and physics. The work 


is so planned that a student does not take more than 
two honors courses in one semester. 

During their junior and senior years, these honors 
students meet with their instructors in groups of from 
three to five at weekly seminars and they spend a 
considerable amount of time in the laboratory. In 
some honors courses the members are furnished with 
an outline of the work to be taken up in the seminar. 
Usually the work of the seminar is built up around 
some first-class text, and is extended by assignments 
and references to other sources which present in 
greater detail the topic under consideration. In a 
number of honors courses considerable problem work is 
included. At the weekly seminar in each honors course 
the topic being studied is discussed and difficulties are 
thrashed out. The members take a leading part in 
the discussion and they are encouraged by the in- 
structor to attempt to answer one another’s questions. 
Here keenness of intellect and originality of mind 
have an opportunity to show themselves. Frequently 
papers covering a broad topic are written and these are 
read and criticized at the seminar. The intimate con- 
tact that results in the seminar establishes between in- 
structor and student relations of mutual interest and 
value, leading frequently to real and lasting friend- 
ships. 

Honors students are excused from all ordinary ex- 
aminations and their work is not graded from semester 
to semester. Instead, they are expected to spend their 
time in mastering a definite field of knowledge, and at 
the end of their senior year to take written and oral 
examinations set and conducted entirely by examiners 
from other institutions. The honors examinations 
taken by chemistry majors normally cover the follow- 
ing: analytical chemistry, physical chemistry, ad- 
vanced physical chemistry, organic chemistry, ad- 
vanced organic chemistry, electricity and magnetism, 
differential equations, and advanced calculus. 

Three hours are allowed for each written examination, 
which usually contains about ten questions. The pur- 
pose of the examination is not so much to discover by 
means of a large number of detailed questions what a 
student does not know, as it is to give him an oppor- 
tunity to show what he does know, and how he can deal 
with broader topics. In accordance with this con- 
ception of the honors examination, candidates are 
instructed first to select a few questions for as com- 
plete answers as possible; then to spend the remainder 
of their time in answering briefly as many of the other 
questions as the time permits. Where the answers to 
the broader questions elected by the candidate indicate 
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an insufficient grasp of detail, the examiner usually 
probes into the matter at the ensuing oral examination. 

Following the oral examinations the examiners meet 
to decide the class of honors to be awarded to each 
candidate. These are (1) With Highest Honors; (2) 
With High Honors; (3) With Honors; (4) Passing in 
Course. In reaching their decision they may consult 
with any of the instructors of the Division, but the 
power to determine the class of honors rests entirely 
in the hands of the examiners. In order to maintain 
as uniform a standard as possible, the oral examina- 
tions of all the senior honors students in chemistry, 
physics, and mathematics are heard by all the ex- 
aminers in these subjects. Further, the same ex- 
aminers usually serve for two or three consecutive 
years, and at any examination at least half of the 
examiners have conducted the examination of the 
preceding year. 

During the five-year period ending May, 1934, 
thirty-one per cent. of the major honors students in 
chemistry received the A.B. degree with ‘Highest 
Honors,’’ fifteen per cent. with ‘““High Honors,” forty- 
six per cent. with “Honors,” and eight per cent. “‘Passed 
in Course.”’ The written and oral examinations were 
set and conducted by the following examiners: 


1930 


Professor Neil E. Gordon, The Johns Hopkins 
University. 

Professor A. A. Bennett, Brown University; 
Professor J. R. Kline, University of Pennsylvania. 
Professor S. R. Williams, Amherst College. 


1931 


Professor E. Emmett Reid, The Johns Hopkins 
University; Professor Hugh S. Taylor, Princeton 
University. 

Professor Tomlinson Fort, Lehigh University; 
Professor J. R. Kline, University of Pennsylvania. 
Professor S. R. Williams, Amherst College. 


1932 


Professor L. F. Fieser, Harvard University; 
Professor Hugh S. Taylor, Princeton University. 
Professor C. R. Adams, Brown University; 
Professor Tomlinson Fort, Lehigh University. 

Dr. T. H. Johnson, Assistant Director, The Bartol 
Foundation; Professor Leigh Page, Yale Univer- 
sity. 


Chemistry. 
Mathematics. 


Physics. 


Chemistry. 


Mathematics. 


Physics. 


Chemistry. 
Mathematics. 


Physics. 


1933 


Professor L. F. Fieser, Harvard University; 
Professor H. S. Harned, Yale University. 
Professor C. R. Adams, Brown University; 
Professor H. W. Brinkman, Harvard University. 
Professor Leigh Page, Yale University. 


1934 


Professor L. F. Fieser, Harvard University; 
Professor H. S. Harned, Yale University. 
Professor C. R. Adams, Brown University. 
Professor Leigh Page, Yale University. 


Chemistry. 
Mathematics. 


Physics. 


Chemistry. 


Mathematics. 
Physics. 


In preparation for the honors examination at the 
end of the senior year, the department of_chemistry 
offers the following honors courses: 
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I. Analytical Chemistry: About 300 hours of laboratory work 
in gravimetric, combustion and gas analysis. 
Physical Chemistry: One four-hour seminar and 8 to 10 
hours of laboratory each week for one semester. The work 
of the seminar includes the study of the states of aggrega- 
tion of matter, elementary principles of thermodynamics, 
chemical kinetics and equilibrium, theory of solutions, 
photochemistry, electrochemistry, and colloid chemistry. 

. Advanced Physical Chemistry: One four-hour seminar and 
8 to 10 hours of laboratory each week for one semester. 
The work of the seminar includes the study of recent 
advances in the theory of valence, the parachor, dipole 
moments, thermodynamics, the activity concept and ac- 
tivity coefficients, the Debye-Hiickel theory of strong elec- 
trolytes, and acid-base catalysis. 

Organic Chemistry: One four-hour seminar and 8 hours of 
laboratory each week for one semester. The groundwork 
for the seminar is taken from such texts as Conant, Reid, 
Schmidt-Rule, and is covered in three months. For the 
remainder of the semester, students prepare papers for 
discussion on reaction mechanisms and advanced topics. 
Advanced Organic Chemisiry: One four-hour seminar and 
8 hours of laboratory each week for one semester. Students 
write a comprehensive paper each week on advanced topics, 
the material for these papers being gathered from reviews, 
monographs, and journal articles in English, French, and 
German. 


Some of these honors courses are also taken by 
honors students of other departments within the 
Division of Mathematics and the Natural Sciences. 
Major honors students in physics take at least one 
honors course in physical chemistry, and those in 
mathematics frequently do. Major honors students in 
zodlogy take at least one honors course in physical 
chemistry and one in organic chemistry. In order to 
keep the honors groups small it is usually necessary to 
conduct several seminars in the first honors course in 
physical and organic chemistry. 

The following examinations taken by major honors 
students in chemistry in May, 1934, will serve to indi- 
cate the extent and nature of the work covered by these 
students in their honors courses. 


* * * 


PHYSICAL CHEMISTRY I 
Examiner: Professor H. S. Harned, Yale University 


(Answer any six of the following questions, and as many more as 
possible if the time permits.) 


1. Deduce pv = nRT from the kinetic theory of gases. What 
is the average velocity of hydrogen molecules at 0°, 760 mm.? 
1 Cal. = 4.183 X 10’ergs. dug = 13.61. 

2. What methods are employed for the measurement of sur- 
face tension? What significance have surface tension measure- 
ments for the interpretation of the liquid state? 

3. How have X-rays been employed in the analysis of crystal 
structure? 

4. Discuss the different types of boiling point 'curves of 
binary liquid mixtures. What have these to do with the separa- 
tion of liquids by fractional distillation? 

5. Marshal the evidence from as many sources as possible 
which leads to the conclusion that so-called strong electrolytes 
are ionized in media of high dielectric constant. 

6. Define the dissociation constant of a weak electrolyte and 
outline two methods by which this quantity may be evaluated. 

7. Discuss briefly the fundamental properties of the colloidal 
state of matter. 





8. What is meant by monomolecular and bimolecular reac- 
tions? Deduce the equation for the velocity constant of a mono- 


molecular reaction. 
9. Give a brief discussion of heterogeneous catalysis. 


reaction, 


The 


N2 + 3H: —> 2NH; 


takes place on the surface of a solid. What plausible mechanism 
will account for this phenomenon? 
10. Discuss briefly the electronic theory of valency. 


PHYSICAL CHEMISTRY II 


Examiner: Professor H. S. Harned, Yale University 


(Answer any six of the following questions, and as many more as 
possible if time permits.) 


1. Discuss experimental methods which have been employed 
for the determination of the equilibrium constants of gas reac- 
tions. 

2. Discuss the measurement of refractive index of liquids and 
the value of such measurements for the study of liquids and liquid 
mixtures. 

3. Discuss the structures of some simple crystalline solids such 
as rock salt. What relation has this knowledge to heterogeneous 
catalysis? What is known about the molecular heats of crystal- 
line solids as a function of the temperature? 

4. What is the “ideal limiting law’ for dilute unionized 
solutes? In mixtures of binary liquids what types of liquid pairs 
may be expected to conform to this law over wide concentration 
ranges? What are the characters of liquid pairs which show 
wide departures from this law? 

5. What are the fundamental assumptions of the interionic 
attraction theory (Debye-Hiickel theory) of ionized solutes? 
What is the conception of the ionic atmosphere? 

6. What is the solubility product law? How is the solubility 
of thallous chloride influenced by the addition of (1) sodium 
chloride and why? (2) sodium nitrate and why? 

7. Discuss the fundamental properties of the entropy, S, the 
work content, A, the heat content, H, and free energy, F. 

8. Define the activity. What are some of the advantages in 
employing this concept? How may the activity coefficient of 
hydrochloric acid be obtained from measurements of the cell, 


Hz (1 atm.) / HCl (m) / AgCl / Ag? 


9. What is Brénsted’s definition of acid and base? 
this related to his theory of acid-base catalysis? 

10. What is “Einstein’s photochemical equivalent law?’ 
Discuss primary photochemical reactions, and their relation to 
chain reactions. 


How is 


ORGANIC CHEMISTRY I 


Examiner: Professor Louis F. Fieser, Harvard University 


(Answer the first question and as many of the others as the time 
permits.) 

1. Illustrate satisfactory methods for the preparation or 
synthesis from simple starting materials of at least four aliphatic 
and four aromatic compounds of different types taken from the 
following list. Name the organic reagents and the products. 

(1) A pure, primary, aliphatic amine. 

(2) An amino acid of the type obtained from the proteins. 

(3) A triatomic alcohol from a natural source. 

(4) A tertiary alcohol. 

(5) A pure ethylenic hydrocarbon, utilizing the Grignard re- 
action in the synthesis. 

(6) An aliphatic ketone. 

(7) An acid-base indicator. 

(8) A triphenylmethane dye. 

(9) A photographic developer. 

(10) A quinone. 

(11) An organic antiseptic agent. 

(12) An explosive. 
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2. Illustrate with equations some of the methods commonly 
used for the conversion of primary alcohols into saturated and 
unsaturated hydrocarbons, aldehydes, higher alcohols, and 
higher acids. 

8. Discuss the subject of the hydrolysis of different types of 
unsaturated and saturated organic compounds, indicating the 
features of structure which render a substance particularly 
susceptible to reaction with water. 

4. Describe the different types of polymers which can be 
obtained from acetaldehyde and from formaldehyde. 

5. What methods can be used to classify the sugars according 
to whether or not they possess free carbonyl groups? Give 
examples of sugars or sugar derivatives belonging to both classes. 

6. Illustrate several different types of organic oxidation reac- 
tions, and give any correlations or generalizations which you can 
of the facts noted. 

7. Compare the behavior of the different types of aliphatic 
and aromatic amines on treatment with nitrous acid. 

8. What are the chief differences between aromatic and 
aliphatic unsaturated hydrocarbons? 

9. Describe the preparation and uses of the aromatic di- 
azonium compounds. 

10. In how many stereoisomeric forms can substances repre- 
sented by each of the following formulas exist? Distinguish be- 
tween optical and geometrical isomerism, and in the former case 
indicate the number of the inactive as well as the active forms: 


(a) CH,(CH:);CH=CH(CH,);COOH 
(b) (CH;),C=CHCHCICOOH 
(c) CH;CH(OH)CH(OH)CH; 
(d) CsHsCHBrCH(CH;)CsHs 


11. Define very briefly the chemical nature of five of the 
following materials: lubricating oil, olive oil, cellophane, quick- 
drying lacquer, filter paper, linseed oil, Bakelite, saccharin, 
rubber. 


ORGANIC CHEMISTRY II 


Examiner: Professor Louis F. Fieser, Harvard University 


(Two or three questions are to be answered thoroughly; answer 
two or three more, briefly.) : 


1. Review the evidence for or against the various formulas 
which have been proposed for benzene, and indicate which for- 
mula you regard as the most satisfactory. 

2. Describe the experimental method which Bachmann is 
employing in his investigations of the pinacol rearrangement. 
How does he prepare the pinacols, effect the rearrangement, and 
determine the direction of the reaction? 

8. Discuss the recent developments in stereochemistry in one 
of the following fields: Diphenyl derivatives; decahydro- 
naphthalenes; sulfur compounds. 

4 . What new ideas have been developed with regard to the 
nature of the chemical bond in various organic compounds? 

5. Give an account of some of the many applications of the 
Friedel and Crafts reaction, including a discussion of the Fries 
displacement. 

6. Describe the advances of both theoretical and technical 
interest which have resulted from the recent investigations of the 
addition reactions of the lower polymers of acetylene. 

7. Discuss any one of the following topics: 


(a) The mutarotation of sugars. 

(b) The Lobry de Bruyn-van Eckenstein rearrangement. 

(c) The probable origin of sugars in nature; E. Fischer’s 
synthesis of glucose and fructose (this part may be 
omitted if it was not covered in the seminar). 

(d) Thestructure and the chemistry of cellulose. 


8. Define as accurately as you can, giving partial or complete 
formulas where possible, the chemical nature of representative 
members of the following types, and discuss the possibility of 
their having a common origin in nature: the terpenes, rubber, 
the polyene pigments, vitamin A. 
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9. Discuss some limited aspect of the broad subject of poly- 
merization. 

10. Write a short essay reviewing the progress which has 
been made toward solving the problem of the chemical nature of 
the proteins. 


ELECTRICITY 


Examiner: Professor Leigh Page, Yale University 


(Answer any three questions, not all consecutive.) 


1. Define magnetic field-strength H and magnetic induction 
B inside a magnetic material and discuss their physical signifi- 
cance (a) on the dipole theory of magnetism, (b) on Ampere’s 
theory of magnetism. Describe some phenomena which dis- 
tinguish between these two theories of magnetism. Why is it 
important in determining the B-H curve for iron that no magnetic 
poles should be present in the sample? 

2. Show how to find the field of a point charge placed near an 
earthed conducting plane by the method of images. A point 
charge q is placed near the plane surface of a dielectric of specific 
inductive capacity k. Show that the field outside the dielectric 
is that of gand a charge —(k — 1)q/k at its image point, and that 
the field inside the dielectric is that of a point charge 2g/(k + 1) 
located at the point actually occupied by g. 

3. Describe a method, with the necessary theory, of measur- 
ing a very high resistance. Find the c.g.s. electromagnetic unit 
of resistance. ; 

4. Discuss the motion of an ion (a) in a uniform magnetic 
field, (b) in crossed uniform electric and magnetic fields. De- 
scribe one important application of the theory. 

5. A magnet with its axis at right angles to the plane of the 
paper is moved upward from the paper. If the north pole of the 
magnet is the nearer to the paper, sketch the lines of force of the 
electric field generated by the motion, indicating their sense by 
arrow-heads. Is there an electromotive force around a closed 
curve in the plane of the paper? If so, indicate how you would 
compute it. Is it proper to speak of a potential drop between 
different points in the plane of the paper? Why? Of what 
fields (both electric and magnetic) would an observer moving 
with the magnet be aware? Why? 

6. A self-inductance Z and capacity C in parallel are con- 
nected in series with a resistance R and a sinusoidal E.M.F. 
eosinwt. Find the current through the resistance and show that 
itisa minimum for # = 1/VLC. 

What is a ballistic galvanometer used to measure? What 
characteristics should a moving coil galvanometer have for 
ballistic measurements? Give reasons. Develop the theory of 
such a galvanometer. 

8. Under what conditions is a thermoelectric force produced 
in a circuit? Analyze the effect into its component parts and 
explain each qualitatively on the electron theory of conduction. 
Show by a curve how the thermoelectric force varies with tem- 
perature and explain the significance of neutral temperature 
and of thermoelectric power. Describe one important use of 
thermoelectric forces. 


DIFFERENTIAL EQUATIONS 
Examiner: Professor C. R. Adams, Brown University 


(About half of the period should be devoted to each Part. 
From Part I, the student may choose either one of the two ques- 
tions, but not both; the topics listed in parentheses must be 
included in the discussion, but otherwise the student is free to 
follow his preferences in the choice of topics to be treated. From 
Part II the student should answer four questions, if time permits.) 


Part I. 


1. Discuss partial differential equations (including Laplace’s 
equation, Fourier series). 

2. Discuss functions of a complex variable (including Cauchy’s 
theorem, poles and residues). 


Part IT. 


ae 
3. Solve: mere +1).? 


4. Solve: (1-29) 2 = 2(1 + a)y = 9" 


5. What is Bessel’s equation? Find two series which for- 
mally satisfy it (determine at least three non-vanishing terms). 
Prove that both the series converge for every finite x when 1 is not 
an integer. 

6. A mountain is in the shape of a hemisphere and the velocity 
of a man walking upon it is proportional to his height above its 
base. He wishes to go from one point to another on the moun- 
tain in the minimum time. Assuming there is a path which will 
provide the quickest route, find the differential equation of this 
path. (Do not attempt to solve the equation, unless you have 
time to spare.) 

7. Define the elliptic functions sn u, cn u, and dn u. Prove 
the formulas for their derivatives with respect to u. Hence find 
the Maclaurin series for sn u, determining specifically the first 
two non-vanishing terms in the series. 


ADVANCED CALCULUS 
Examiner: Professor C. R. Adams, Brown University 


(About half of the period should be devoted to each Part. 
From Part I, the student may choose either one of the two ques- 
tions, but not both; the topics listed in parentheses must be 
included in the discussion, but otherwise the student is free to 
follow his preferences in the choice of topics to be treated. From 
Part II the student should answer four questions, if time permits.) 


Part I. 


1. Discuss power series (including uniform convergence, term- 
wise differentiation and integration). 

2. Discuss definite integrals (including the definitions, Simp- 
son’s rule, the case of infinite limits.) 


Part ITI. 


3. State and prove Taylor’s theorem with a remainder for a 
function f(x); be precise as to your assumptions. 
. dy. 
4. (a) Given F(x, f(x, y)) = 0; find 7 
(b) Given u = F(y, z) where y = sin x, z = 3 — x?; find 
dn 
dx? 
5. (a) Find the expression for the distance between two 
points one on each of the lines 


l y 2x 
: z = 5x 


] 2 3x +7 
7 yls =e 


and minimize the distance as a function of two variables. 
(b) Examine for maxima and minima the surface z = xy 


6. A system of curvilinear coérdinates in the first quadrant is 
given by the two families of confocal parabolas: 


y? = —2Qux + u?, y? = 2ox + 0? 


Compute the moment of inertia about the origin of the region S 
bounded by two parabolas from each family (7. e., 4 ='a, u = 6, 
v=c,v =d). [Hint: In the integral involved, transform the 


variables from x, y, to u, v.] 
7. From first principles (7. e., using the unit vectors 7, j, 2), 
prove the relation 


aX(8 Xv) +8 X (vy X a) +7 X (a X B) = 0. 
* * * 


The honors method of studying chemistry has 
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proved most successful at Swarthmore. During the 
past five years, over eighty per cent. of the major 
students in chemistry, receiving their degrees with 
honors, have been the recipients of scholarships or 
fellowships during their period of graduate study; 
many of them have held these awards during the whole 
period; and one of them has recently been elected to 
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the Society of Fellows of Harvard University. These 
scholarships and fellowships have been held at Harvard 
University, The Johns Hopkins University, Massa- 
chusetts Institute of Technology, Mount Holyoke 
College, The Ohio State University, Princeton Univer- 
sity, University of California, University of Virginia, 
and Yale. 





MODIFIED PROCEDURE for the 


ARSENIC GROUP 


A. T. LINCOLN anp EARL OLSON 


Carleton College, Northfield, Minnesota 


HE difficulties experienced by students in qualita- 

tive analysis in the separation and detection of 

the members of the Arsenic Group or Group IIB, 
as it is familiarly called, are not confined to a few 
laboratories nor to any one procedure. Some institu- 
tions even evade these difficulties by omitting this sub- 
group from their procedure and do not give arsenic 
and antimony in the samples issued to students for 
analysis. There are quite a number of different pro- 
cedures for these specific separations and detections. 
At Carleton College we have made use of most of them, 
and the various classes in qualitative analysis, year 
after year, have met with indifferent success, in com- 
mon with students elsewhere. 

We shall not review these various procedures but 
merely utilize the first of the two methods (Method A) 
that Dr. J. H. Reedy gives in his ‘Elementary Quali- 
tative Analysis” as the basis for our modified procedure. 
Briefly, this consists in treating the yellow ammonium 
sulfide solution of the sulfides of Group IIB with ox- 
alic acid and 3% hydrogen peroxide which dissolves 
the tin compound and leaves the insoluble sulfides of 
arsenic and antimony and possibly some sulfur. The 
oxalic acid converts the tin sulfides into stannic oxalate, 
Sn(C20,)2, and the hydrogen peroxide greatly increases 
its solubility, while it also tends to retain the arsenic 
and antimony in their highest state of oxidation, which 
is essential. 

According to our modified procedure, the precipi- 
tated residue is then treated with (NHj,)sC.O, and 
NH,OH. The arsenic sulfide is dissolved while the 
antimony sulfide is practically insoluble, thus com- 
pletely and readily separating them. J. W. Mellor,! 
in referring to the work of L. W. McCoy, states that he 
obtained a solution of ammonium sulfarsenate, (NH4)e- 


1 MELLOoR, J. W., “A comprehensive treatise on inorganic 
and theoretical chemistry,’’ Volume IX, Longmans, Green & Co., 
New York City, 1929, page 327. 


AsSi, by dissolving arsenic pentasulfide in aqueous 
ammonia. This may be represented thus: As2Sst 
6NH,OH —_> (NH,)3AsO3S a (NH,)3AsS4 -f- 3H20. 
No reference can be found to the analogous reaction 
for antimony, but it is well known that antimony 
pentasulfide does dissolve in cold dilute ammonia and 
is more soluble when warmed. We find, however, that 
in the presence of ammonium oxalate the solubility of 
antimony is practically nil. 

Various confirmatory tests may be utilized for the 
identification of arsenic and antimony but we have 
found the molybdate test for arsenic and the sulfide 
test for antimony to yield satisfactory results in the 
hands of the average freshman. 

The relative solubilities of the sulfides of arsenic and 
antimony have been checked in the ammoniacal solu- 
tions of the common ammonium salts including NH,Cl, 
(NH4)2SOu, NH«NOs, (NH4)2COs, NHsC2H3O02, and 
(NH4)2C204. From these numerous tests it became 
apparent that only ammoniacal (NH,)2C2O, dissolves 
the sulfides of arsenic completely, whereas its solvent 
action on the sulfides of antimony is practically nil; 
hence, the use of (NH4)2C2O, as the solvent for the 
separation of these two substances. As an example 
of our numerous tests, we digested an excess of As2S; 
and Sb.S; for five minutes with 20 ml. N/2(NH4)2C20, 
and 4 ml. 5NV NH,OH. No trace of antimony was de- 
tected in the filtrate but 0.665 gram of AseS; was found 
dissolved. 

Tests were made to ascertain the sensitiveness of 
this procedure by employing an ammoniacal solution 
of As2S; containing 0.0031 gram of As per ml. Differ- 
ent quantities of this solution were treated according 
to the detailed procedure with 24-ml. portions of am- 
moniacal (NH4)2C20,. The solutions were then acidified 
and boiled, causing the precipitate to coagulate in large 
curdy particles. The results of this treatment as set 
forth in the last column of the following table show 
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that arsenic can be detected readily if the concentration 
is over 0.0009 gram in less than 3 ml. by diluting 
with 24 ml. of the reagent. 


Amount in ml. of 
Standard As Amount (gram) 
Solution of As 
0.00031 
0.00062 
0.00093 
0.00124 
0.00155 


Resulting Test 


Cloudiness which settled in 12 hours 
Cloudiness which settled in 12 hours 
Curdy, yellow particles of As2Ss 
Curdy, yellow particles of AseSs 
Curdy, yellow particles of As2Ss 


MODIFIED QUALITATIVE PROCEDURE FOR THE ARSENIC 
GROUP 


The sulfides of Group II have been extracted with 
warm, yellow ammonium sulfide. The filtrate contains 
(NH4)2SnSz, (NH,)sAsS., (NH4)sSbS,, and an excess of 
(NH4)2S,. This solution is evaporated until it be- 
comes cloudy and then 20 ml. of a saturated solution 
of H2C,O, and 5 ml. of 3% HO: solution are added. 
Boil 5 minutes, dilute to 25 ml., saturate with HS. 
Filter and wash. 
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The Filtrate which may contain|The Precipitate may contain As2Ss, 
Sn(C204)2 is treated with 5 ml./Sb2Ss and S. Transfer to a 50 ml. 
6M HCI; a piece of Al wire is added|beaker, add 20 ml. of 0.5N (NH4)2- 
to reduce the stannic tin. Thej/C:O, and 4 ml. of 5M NHisOH. 
volume should not exceed 5 ml.|Stir for five minutes, filter and wash. 
Add a few drops of 6M HCl; be 
sure all of the Al has disappeared|The Filirate con-|The  Precipitate 
and that the hydrogen gas has|tains the As:Ss.;may contain 
been expelled. Filter into about|Neutralize with|Sb:SsandS. Boil 
5 ml. of HgCle solution. A light-|HCl, pass in H2S| with 5 ml. HNOs, 
colored precipitate of HgCl which|and boil to co-jadd 20 ml. of 
changes to a dark color confirms the|@gulate the pre-|water. Filter. 
presence of Tin. cipitate. A yel-| Discard the pre- 
low precipitate|cipitate of S. 
indicates the| Pass H:S_ into 
presence of Ar-|the filtrate. An 
Senic, orange _ precipi- 
tate indicates 
Antimony. 














Confirmatory Test for As. Digest the 
yellow precipitate with 5 ml. of 6M 
HNO: and boil. Dilute to a volume 
of 5 ml. Filter into a test-tube. 
Add an equal volume of warm color- 
less molybdate solution. Heat in a 
beaker of hot water (nearly boiling). 
A bright yellow precipitate of 
(NH4)sAsQ4:12Mo0Os indicates Ar- 
senic. Avoid prolonged heating as 
the molybdate may be decomposed. 











CHEMICAL ELEMENTS 
and THEIR ATOMIC NUMBERS 
as POINTS on a SPIRAL 


NICHOLAS OPOLONICK* 


2 West 120th Street, New York City 


periodic table of elements in 1869 (1). At that 

time many elements were not discovered and 
vacant places were left for them. Most of these were 
filled by elements discovered subsequently, and today 
the periodic table is almost complete. The inert or 
noble gases of the atmosphere, discovered later, were 
added to the periodic table as a zero group. At that 
time the existence of atomic numbers and isotopes was 
not known. 

Before Mendeléeff’s publication, the arrangement of 
the elements in the form of a spiral was suggested by a 
number of workers in this field. De Chancourtois in 
1862 used the atomic weights of the elements as the 
basis of arrangement (2). The unit of measure was 
oxygen, with intervals of sixteen, therefore, between 
the various elements. Since Mendeléeff, the spiral 
has again been employed, in the form of a helix, for the 
arrangement of the elements, notably by Harkins in 
1916 (3). Harkins placed hydrogen as the first ele- 
ment at the upper end of the helix, and uranium as the 
last, with intervals of one centimeter for one gram of 


M ENDELEEFF published his famous work on the 


* Associate member of the American Institute of Chemists. 


atomic weight; thus constructing a cylinder 240 centi- 
meters in height. 

In 1913 Moseley discovered atomic numbers (4) and 
it has been shown that the atomic numbers are much 
more fundamental and significant than the atomic 
weights. Consequently the relative positions in the 
table of argon and potassium, tellurium and iodine, 
cobalt and nickel, which seemed inexact according to 
the arrangement by atomic weights, were found, on the 
basis of atomic numbers, to be correct. 

The discovery of atomic numbers and isotopes, how- 
ever, did not clear up the difficulty of the periodic table 
in regard to the position of hydrogen and the rare-earth 
elements. Chemists and physicists have been trying 
to improve the periodic table by writing the elements in 
a graphic or tabular form slightly different from that of 
Mendeléeff. Examples of these are the Thomson-Bohr 
table (5) and its modifications (6). These new arrange- 
ments of the elements, of course, have their merits and 
defects. A recent excellent survey of types of graphic 
classification of the elements was made by G. N. 
Quam and M. B. Quam (7). 

Hydrogen occupies a unique position in the periodic 
table on account of its valency and its chemical be- 
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FIGURE 1 


The positive univalence of hydrogen consigns 
it to the same group with the alkali metals. But hydro- 
gen, so far as we know, is not a metal. It combines 
with metals to form hydrides, and it may be replaced by 


havior. 


the halogens in many chemical compounds. This 
shows it to possess a negative univalence, and from this 
chemical behavior it may be classified with the halogen 


group. 
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CHART-TABLE 


In the chart-table that the author now desires to 
describe, the difficulties in arrangement heretofore 
encountered seem to be eliminated. The position for 
hydrogen in this table is easily found and explained; 
the rare earths are in the right place; the periods and 
series of elements are conspicuously shown; and the 
idea of atomic structure from the simplest, starting 
with hydrogen, to the more complex, like uranium, is 
introduced graphically. 

For our purpose, to make a spiral not longer than 
370 degrees and to have enough space to write the 
chemical symbols all along the spiral, the equation 
P = 40 in polar coérdinates is most convenient. 
Upon this spiral, the plotting of the positions of the ele- 
ments is very simple. For instance the atomic number 
of argon is 18, then © = 18, 46 = 72 degrees, and one 
degree is equal to 0.0174 radian; therefore.P = 1.253 
radians, which indicates the position on the spiral of 
the element argon. 

In this chart-table the atomic numbers of the ele- 
ments are arranged as points on the spiral P = 40, and 
six lineal concentric circles are drawn through He, Ne, 
A, Kr, Xe, and Rn, dividing the elements into seven 
periods, and three dotted concentric circles are drawn 
through Ni, Pd, and Pt, dividing the 4th, 5th, and 6th 
periods each into A and B series. In denoting the 
series on the spiral, it is convenient to arrange one 
series on one side of the spiral and the next series on the 
opposite side. This arrangement emphasizes the exist- 
ence of the periodic series and brings out graphically 
and more clearly than otherwise the periodic relation- 
ship among the elements. 

On the chart-table we have the center as a point of 
reference. The first element after every lineal circle, 
at which a new period begins, namely Li, Na, K, Rb, 
and Cs, is electropositive, and the chemical activity in- 
creases from Lito Cs. The first element before every 
lineal circle (not on the circle), which is the end of the 
period, namely F, Cl, Br, and I, is electronegative, 
and the chemical activity decreases from F to I. 


In our chart-table hydrogen occupies a unique posi- | 
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FIGURE 2 


Note: On account of the reduction in size of the charts, 
many elements are omitted between H and Xe. The omitted 
elements are represented in Figure 1. The black-point circles 
indicate transitional elements. 


tion. It is the first element of the period. Conse- 
quently, it has positive univalence, and its electro- 
positive activity, in accordance with the periodicity of 
the elements, is weaker than that of lithium. Hydrogen 
is also the first element in front of the lineal circle. 
Consequently, it also has negative univalence accord- 
ing to the periodicity of the elements. Since hydrogen 
is the first element of the period and also the last ele- 
ment of the period, on the basis of the periodicity of the 
elements, it should have a chemical behavior more 
tempered than that of the alkali metals or the halogens. 
Furthermore, the chemical behavior of hydrogen as a 
metal and as a halogen gives us very strong evidence 
of the non-existence of elements before hydrogen in the 
periodic table. This is a crucial conclusion strongly 
suggested by the chart-table that we propose above. 
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JOSEPH BLACK’S INAUGURAL 


DISSERTATION. 


I] 


Communicated by LEONARD DOBBIN* 


Gavelton, Faladam, Blackshiels, Scotland 


THE FIRST portion of Black’s dissertation, presenting his general remarks on “‘The Acid 


Rumour Arising From Food,” was printed in the May tssue of THIS JOURNAL. 


The 


remainder of the dissertation, here subjoined, consists mainly of a detailed account of the 
experiments that Black carried out, prior to June, 1754, in his examination of Magnesia Alba. 


++ oe + + + 


ON MAGNESIA ALBA 
(CRUM BROWN’S TRANSLATION) 


THE MEDICAL Profession owes its knowledge of 
Magnesia to the celebrated Hoffmann. He is almost 
the only writer who deals with the subject, and he 
indeed first gave the powder, with this name, a place 
before the public, and, with the greatest accuracy, 
pointed out its powers: also the mode of preparing it, 
namely from the mother of nitre, or that saline liquid 
which remains of the nitrous solution after no more 
nitre can be obtained from it by crystallization. This 
powder, it seems, had, already for some time, been pre- 
pared by certain private persons, and, under the name 
of “The Count of Palma’s powder,” acquired great 
fame throughout Italy, inasmuch as it, being destitute 
of taste and odour, could move the bowels without any 
inconvenience: but the method of preparing it had 
been carefully concealed. Afterwards the great man, 
when he saw a saline liquor, similar to that nitrous one, 
prepared in a similar way from waters which yield com- 
mon salt, suspected that this also would give Magnesia, 
nor did the result deceive his hope; in this much easier 
way he made Magnesia in all respects most similar to 
that prepared as formerly.f I have never happened 


to see the mother of nitre, or the Magnesia prepared . 


from it, and have therefore been able to examine that 
alone which is obtained from the saline liquor remaining 
after the crystallization of common salt, from the bitter 
cathartic salt, from the more generally known Glauber’s 
salt, and lastly from common salt. These all, on the 
addition of alkaline lye, give Magnesia, which is ex- 
actly the same from whichever of them it may come; 
but seems to be different from both of the kinds de- 
scribed by Hoffmann.** 

The bitter cathartic salt, when subjected to experi- 
mental examination, is found to consist entirely of 


* Formerly Reader in Chemistry, University of Edinburgh; 
Secretary of the Alembic Club, Chemistry Department, King’s 
Buildings, Edinburgh. 

t Horr. Op. T. iv. p. 479. 

t Horr. Op. T. iv. p. 500. 

** See below. Exp. i. 


Magnesia united to an acid. It is therefore not sur- 
prising that it should be liberated from the acid on the 
addition of an alkaline liquor, but both Glauber’s salt 
and the muriatic salt give Magnesia in the same way, 
and yet they are said to consist of alkali united with 
acid. Whence then the Magnesia? It is indeed most 
true that they consist entirely of alkali and acid when 
they are pure, and that they then give no Magnesia on 
the addition of an alkaline liquor: but they are very 
rarely to be found pure in the market, and for this 
reason; for they are both prepared from sea-water, 
merely by the evaporation of the water by means of 
heat. The first salt to be separated in crystals is the 
muriatic: after no more of this can be obtained, there 
is found remaining a saline, dense, bitter liquor, to 
which they give the name of Bittern; out of this, 
Glauber’s salt and the bitter cathartic salt are after- 
wards extracted. 

And here it happens, that, as in all separation of 
salts by crystallization, we usually find that the crystals 
are, none of them, pure, but have other salts mixed with 
them; because indeed the water which is quite neces- 
sary for the formation of saline crystals, is itself, in the 
case we are considering, impure and contains other 
salts. In this medley of salts, common or muriatic far 
exceeds the others in quantity: it is besides more easily 
made to crystallize, and that at a temperature which 
does not affect the others. Hence it comes out purer 
than they and gives only a little Magnesia. Glauber’s 
salt differs but little from the cathartic salt in readiness 
to crystallize: it will therefore be the most impure, or 
have a great quantity of the latter mixed with it; and 
the salt-makers indeed take no pains to make it purer, 
provided that as much as possible it exhibits the ap- 
pearance of Glauber’s salt, which the bitter salt itself, 
by very slow crystallization, assumes well enough. 

It is obvious then that the Magnesia in all these 
salts is the same, and that it does not matter much 
from which of them it is obtained, if we regard its 
properties only. But as the bitter salt is cheaper than 
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Glauber’s salt, and gives a much greater quantity of 
Magnesia than common salt, in preparing Magnesia 
it is to be preferred to these two. The saline liquor 
itself, from which these salts are obtained, is quite 
suitable for this purpose; but as it is not always at 
hand, Magnesia may be best prepared as follows. 

Take of the bitter cathartic salt and of potashes 
equal parts: let them be dissolved separately in a suffi- 
cient quantity of water, and filtered through bibulous 
paper; let them be mixed with very thorough agita- 
tion; then let them boil over the fire for a little: now 
let there be added twice the volume, or even more, of 
pure boiling water; when well mixed let them repose 
until the Magnesia has settled at the bottom; let the 
superfluous water be poured off and new hot added; 
let it again be‘ poured off, and repeat this, with cold 
water, ten or twelve times, or even oftener, if you wish 
the very purest Magnesia, and therefore that most fit 
for chemical experiments; lastly dry it. In this way I 
obtained one pound and ten ounces of Magnesia from 
four pounds of the bitter cathartic salt. 

In this process the alkali draws the acid to itself with 
such force that it compels it to abandon the Magnesia. 
This then, as it is by itself insoluble in water, is neces- 
sarily precipitated. But at the same time there is 
formed a new middle salt, from the alkali namely and 
the acid, having all the properties of vitriolated tartar: 
this is soluble with difficulty in water, and requires no 
small quantity of it in order that it may be dissolved. 
A large part of it therefore goes down with the Magne- 
sia, owing to the lack of the water required for its solu- 
tion. Hence repeated washings first with hot and then 
with cold water are required for complete purification 
of the Magnesia; for the first dissolves the salt, the 
second washes it out. Indeed in the preparation of 
Magnesia as it is usually sold, this point is not suffi- 
ciently attended to; for it often contains some of the 
salt, and sometimes even has an alkaline taste. 

This powder prepared in the way just described, is 
quite free from taste: it quickly draws to itself any 
acid, changes it, and therefore also very promptly ab- 
sorbs the acid humour in the stomach. But its great 
merit above the other absorbent powders is, that after 
the change of the acid, it mildly loosens the bowels; 
whence, although it has no taste, yet it plays the part 
of an otherwise unpleasant purgative, and so carries 
off the impurities arising from the fermentation of food, 
which quickly turn new food into acid: Hoffmann 
rightly ascribes this its power to the middle salt formed 
from Magnesia united to the acid, and indeed experi- 
ment confirms this, for that I might be more certain 
about it, I saturated Magnesia with distilled vinegar— 
a product namely of fermentation, in all respects very 
similar to the acid derived from food: I dried up the 
salt thus made, and gave six drachms of it dissolved in 
water, to be taken gradually, to an adult man, who, 
after drinking the third part of it, had four evacua- 
tions without the least inconvenience. I gawe the rest 
to an active woman of rather full habit of body, and it 
purged her ten times, so that this salt, though mild 
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to the taste, seems yet to surpass other purgatives. 

It is therefore evident that Magnesia is a most 
serviceable remedy against acid humour in the stom- 
ach, and specially when children are tormented by this 
disease; for they often refuse almost every purgative, 
as being unpleasant: and yet Hoffmann suspected that 
it was sometimes hurtful: ‘‘Nor yet” he says ‘‘can we 
avoid mentioning that we have sometimes observed an 
inconvenience from this powder of Magnesia, that it 
leaves flatulencies and bitings in the lower part of the 
belly; if it is more frequently brought into use, and 
that the prima regio is exposed to corrosive juices pro- 
duced, as is usual in hypochondriacs.” All this is in- 
deed in accordance with reason; and yet does not seem 
to make anything against Magnesia. For Magnesia 
only changes the acid in the stomach, it does not remove 
the cause of the disease, which is due to such a weakness 
of the digestive powers, that some kinds of food cannot 
be digested. The cure is therefore chiefly to be brought 
about by a suitable choice of food, and at the same time 
by strengthening the organs that produce chyle: if 
these things are not attended to, the disease will in- 
crease day by day; Magnesia never completes the cure; 
on the contrary, by frequent purging, and so in a meas- 
ure weakening the patient, it makes the cause of the 
disease more unyielding. But it is doubtful if this is 
the complete explanation of Hoffmann’s observation. 
Perhaps something is to be attributed to a certain spe- 
cific weakening property, which our most sagacious 
Professor of Botany has observed in some middle salts, 
and which may also belong to that salt produced in the 
stomach from Magnesia. If that be so, there is need 
of caution in its administration in some cases; and it 
would not be out of place to mix with it a little of some 
pleasant aromatic, which might excite the powers of 
life with a gentle and pleasing stimulus. 

Having discussed as shortly as I could the history 
and the actions of Magnesia, I may now in a few words 
glance at its chemical properties. 

That the singular nature of this powder may be more 
clearly manifested, I have considered it necessary to 
bring forward a few new experiments in reference to 
other absorbent powders, in addition to those which 
are given in detail about Magnesja. I have to confess 
that there was also another reason inducing me to in- 
vestigate these various kinds of powders: the experi- 
ments of the celebrated Doctors Whytt and Alston, 
Professors in this University, have brought to light so 
much that is new and useful about quick-lime that this 
substance has now certainly become most worthy of the 
attention of all. I hoped, indeed, that I might find out 
a new quick-lime and lime-water, different from the 
common sort, and perhaps more powerful in dissolving 
the calculus. In this I was disappointed, but do not 
regret the labour. I have made no few experiments: 
many of them were new, and some even worthy enough 
of record: I therefore thought that it would not be un- 
pleasing to those of my fellow students who are fond 
of chemical philosophy if I were to publish the more 
remarkable of them: and so I hope that they will be fa- 
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vourably received by such. For the result, whatever it 
be, of a new experiment is not to be neglected; since the 
foundation of chemical science, so useful to medicine, 
and yet still so very imperfect, rests on experiments 
alone. Therefore whatever new thing makes its ap- 
pearance should be sedulously gathered up and added 
to the common heap of experiments. In those that 
follow we see that four species of powders or earths are 
altogether different from one another, and yet chemists 
are wont to confuse them together under the common 
name of absorbents: physicians even use calcined harts- 
horn, and the other absorbent powders indiscrimi- 
nately; although it seems to be so useless that perhaps 
it might be cast out of the materia medica without any 
detriment. 

Experiment I.—Magnesia is dissolved quickly and 
completely by vitriolic acid, and in their union a great 
abundance of air is expelled from them: when the mix- 
ture has attained saturation, a salt most similar to the 
bitter cathartic salt is produced. 

Here note that Magnesia most manifesily differs from 
the calcareous sort of powders or stones. All those 
substances may properly enough be called calcareous 
which, when strongly heated in the fire, are converted 
into quick-lime. Of this sort are, lime itself, marble, 
chalk, a kind of spar, the shells and stony concretions 
of animals, and lastly those things that are called litho- 
phytes: all of these, if first pounded to a fine dust, do 
indeed become very hot when vitriolic acid is poured 
on them, but yet are scarcely dissolved by it, but, hid- 
ing the acid in themselves, lie at the bottom of the ves- 
sel in the form of a white powder. For the same rea- 
son, if the acid of vitriol be dropped on any of them 
dissolved by means of the acid of nitre or the acid of 
salt, or vinegar, the vitriolic expels the weaker acid, and, 
uniting with the powder, falls with it in a similar man- 
ner to the bottom: but this does not happen to solution 
of Magnesia, for it, in union with the acid of vitriol, dis- 
solves very readily in water. 

Hence it appears that Hoffmann’s two preparations 
of Magnesia are different from that of which we here 
speak, for he says* of solutions of both of them, as of 
the saline liquors from which they are prepared, that 
they throw down a white powder when mixed with oil 
of vitriol: now I have very often mixed oil of vitriol 
with the saline liquor which in this country is prepared 
from sea-water; yet it always remained quite clear. 
The explanation of the dissimilarity seems easy enough 
if we consider only his first kind, the nitrous; for this 
has a quite different origin. But in the case of the 
second it is more difficult; and perhaps it is to be looked 
for in this, that Hoffmann obtained his saline liquor 
from the water of springs yielding common salt, and 
that such water may be different from sea-water. 

Experiment II.—Treated with the acid of nitre, 
Magnesia behaves in a similar way to that described 
under Experiment I. The solution imparts to the 
acid a golden colour, a sharp, bitter, nitrous taste, and 
by gently evaporating the water at the fire, gives crys- 

* Horr. Op. T. iv. p. 480 and 500. 
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tals, which retain their form if kept in dry air, but in 
moist air are resolved into a liquor. A piece of paper 
immersed in this liquor and then dried does not defla- 
grate in the fire like nitre. 

It is to be noted that calcareous powders and stones 
dissolved in the acid of nitre cannot in any way be 
made to form crystals. 

Experiment III.—Magnesia also becomes very hot 
and is quickly dissolved when thrown into the acid of 
salt: but the solution does not form crystals; it has a 
sharp muriatic taste. 

Experiment IV.—It behaves also in altogether the 
same way when mixed with distilled vinegar, and gives 
it a not unpleasant taste: it does not form crystals, but, 
when the water is driven off, there is left a saline mat- 
ter, very tough, very like glue, difficult to dry; when 
cold it becomes hard and fragile. 

Calcareous powders and stones, joined to this acid, 
yield a salt pretty readily giving striated crystals, it 
has not the least tenacity. 

Experiment V.—When dissolved in all these ways, 
it is easily recovered by the addition of fixed or volatile 
alkali. 

Experiment VI.—If Magnesia is put into a hot solu- 
tion of sal ammoniac it drives the volatile alkali out of 
it, and this easily betrays itself by its peculiar odour. 
If the mixture is gently warmed for some time, the 
Magnesia is completely dissolved, unless more is put 
in than suffices for the expulsion of all the alkali, and 
the saturation of the acid. It can be recovered again 
by the addition of any fixed, or even volatile alkali. 

This experiment directly contradicts the preceding. 
For here the Magnesia seems to have a more powerful 
attraction than the volatile alkali for acids, while there 
the volatile alkali has a more powerful attraction than 
the Magnesia. And the result of this experiment is 
the same, whether the Magnesia has been prepared by 
means of fixed or of volatile alkali, or, finally, by means 
of the alkali itself which has been obtained in the next 
experiment. This indeed beats me, and I did not un- 
derstand why the very alkali which Magnesia drove 
out from the acid does not, on the spot, again drive 
out the Magnesia. I surmised, indeed, that the alkali 
underwent some new changes in distillation, which 
might be the cause of this difference; for it can never 
be prepared pure without distillation: and this idea 
did not seem to be very incongruous, as from the ex- 
periments of the celebrated Hales, it absorbs air during 
distillation, and is therefore really changed.t With 
this idea, I prepared, from volatile alkali and the acid 
of salt, a sal ammoniac similar to the common kind: 
to see if Magnesia would be unable to decompose this 
compound: but everything occurred with it as in Ex- 
periment VI. 

Experiment VII.—One part of Magnesia and two 
parts of sal ammoniac thoroughly mixed and distilled 
produce volatile alkaline spirit and salt, quite similar 
to those which are separated from sal ammoniac by 
means of fixed alkali. 

t Analysis of the air, exper. lii. 





June, 1935 


Experiment VIII.—Let a drachm of any calcareous 
powder be dissolved by means of nitrous or muriatic 
acid, care being taken that no acidity remains; add a 
drachm of Magnesia, and let the vessel remain in boil- 
ing water for about four and twenty hours; then dilute 
with ten volumes of water and filter through bibulous 
paper. The powder then remaining on the paper will 
be almost all calcareous; but the liquid which has 
passed through will give, on the addition of alkaline 
liquor, true Magnesia, mixed with a little calcareous 
powder. 

Magnesia, then, takes acid away from calcareous 
powder: but as a much longer time is required for the 
complete separation of the calcareous powder from the 
acid, it is not wholly accomplished in this experiment, 
but both a little Magnesia remains undissolved and the 
liquor still contains some calcareous powder. 

Experiment [X.—Magnesia, placed in a solution of 
mercurial corrosive sublimate, is seen to take on quickly 
a golden colour, and is gradually changed into a powder 
of a brick-red colour: this red powder, subjected to 
chemical examination, turns out to be mercurial. 

Experiment X.—Let there be well mixed one drachm 
of quick-lime, three drachms one scruple of Magnesia: 
let them then be placed in a flask of four ounces capacity; 
this, filled with water and well stopped, is to be left for 
two hours in hot water and then cooled. The water 
will have no taste of lime, will not in any way trouble 
solution of mercurial sublimate, nor leave any residue 
when evaporated at a gentle heat. Having often tried 
this action of Magnesia, varying the quantity of quick- 
lime added to the same amount of Magnesia, I have 
found that what has just now been given is the maxi- 
mum with which the experiment will succeed: but this 
must vary according to the greater or less power of the 
quick-lime. 

Experiment XI.—I put three drachms one scruple of 
Magnesia reduced toa fine powder into a flask of nearly 
four ounces capacity; this I filled with lime-water, 
closely stopped, and then warmed in hot water; the 
lime-water soon completely lost all taste, and was con- 
verted into pure water; this I then poured off, added 
new, left it at the same temperature, and repeated this 
operation, until I had poured in seven pounds fourteen 
ounces of lime-water; then indeed lime-water newly 
poured on no longer lost its taste. The well dried 
Magnesia then weighed four drachms one scruple fifteen 
grains. 

Experiment XII.—Magnesia prepared in the way 
given in exper. xi well mixed with an equal part of sal 
ammoniac and distilled, gave a spirit and salt similar 
to those prepared in exper. vii and not caustic. 

Experiment XIII.—An ounce of Magnesia was 
heated, in a crucible covered with a lid, for about an 
hour, at a temperature sufficient for the fusion of cop- 
per: when the crucible had been cooled the Magnesia 
weighed three drachms one scruple. 

We may call this Magnesia usta. ‘ 

Experiment XIV.—Magnesia usta (exper. xiii) is 
slowly dissolved by all acids, and with them forms 
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salts quite similar to those described in experiments 
i, ii, iii, and iv: but what is chiefly to be noted, the 
solution takes place most quietly, and without the 
very least ebullition. 

Experiment XV.—The same put into a solution of 
mercurial corrosive sublimate, with the aid of a gentle 
heat, slowly throws down the mercury, in the form of 
a black powder; which, however, when rubbed on 
paper stains it like rust. 

Experiment XVI.—Magnesia usta expels volatile 
alkali from solution of sal ammoniac, as is described in 
the fifth* experiment. 

Experiment XVII.—Yet it does not seem to trouble 
calcareous powder dissolved in acids. 

Experiment X VIII.—Nor does it produce any change 
in lime-water. 

Experiment XIX.—A drachm of Magnesia usta was 
gently heated with an ounce of water, in a closed flask 
for several hours; the water was then passed through 
bibulous paper, it was quite devoid of taste, and neither 
made solution of mercurial sublimate in any way turbid 
nor did it change the colour of syrup of violets: the 
Magnesia itself, when well dried, weighed one drachm 
ten grains: mixed with acids it did not effervesce, nor 
did it produce any effect on lime-water. 

We see from the immediately preceding experiments 
that quite a notable change is produced in Magnesia 
by burning: yet very different from that which cal- 
careous powders and stones undergo, when so treated. 
The explanation of this for a long time seemed to me 
very obscure, and, that I might understand it, I made 
many experiments, of which the following seem to 
bring some light. 

Experiment XX.—I put three ounces of Magnesia 
into a glass retort, with a receiver attached, and placed 
on sand: I then applied fire, which was gradually in- 
creased, until the Magnesia was just obscurely red hot. 
When everything was again cold, the Magnesia weighed 
one ounce three drachms and a half: it still effervesced 
strongly when put into acids, although not so much as 
before. In the receiver I found a little whitish water, 
weighing five drachms: this scarcely smelled of spirit 
of hartshorn, changed the colour of violets to green, 
slightly troubled the solutions of mercurial sublimate 
and of silver: yet when mixed with acids showed very 
little action. 

We saw (exper. xiii) that Magnesia lost a very large 
part of its weight when heated. By this experiment, 
therefore, I wished to know what it was that it had lost. 
In this case the heat applied was much less than that 
required for its complete burning, and so it still effer- 
vesced pretty strongly with acids, and I could not avoid 
this, for I had not the proper apparatus for the purpose: 
I was therefore forced to leave the experiment imper- 
fect, until an opportunity should occur of carrying it 
out more properly. 

The weight of the liquid caught in the receiver was 
not the half of that lost; what then is it that has dis- 


* (This is no doubt a misprint for sixth.) 
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appeared? Perhaps some water, but more seems to be 
air, a great deal of air must have remained with the 
Magnesia, for, after the loss of so much, it still gives 
off air on the addition of acids. The qualities of the 
water may perhaps be a little due to Magnesia carried 
over by the heat along with the air and water. 

Experiment XXI.—Two drachms of Magnesia burnt 
in the way described in exper. xiii were reduced to two 
scruples twelve grains; when put into spirit of vitriol 
they quietly dissolved. Magnesia was again liberated 
from this by the addition of solution of fixed alkaline 
salt; of which, to do this, a large quantity is required; 
it was then well washed and dried. The weight had 
now increased again to one drachm fifty grains, it 
acted on acids with great ebullition and energy; put 
into solution of mercurial sublimate it formed a red 
powder; it precipitated calcareous powders from acids 
and rendered lime-water insipid: in short it had now 
recovered all the qualities which it had lost in burning. 
What is it then that the Magnesia lost in this experi- 
ment and again recovered, which when it was present 
gave so many qualities, which its removal took away? 
Perhaps air: for the consideration of the twentieth 
experiment makes it very probable that the greatest 
part of the weight lost in burning consisted of air going 
away: and this indeed is confirmed by the fact that, 
after burning, no air is given off by the action of acids. 
Is it not also likely that the air is again restored to the 
Magnesia from the alkali, at the time when it removed 
it from the acid: for it is proved by the experiments of 
the ingenious Hales that fixed alkali certainly abounds 
in air,* of which it emits a great deal when it unites with 
a pure acid: in this case it certainly unites with an 
acid, though not with a pure acid, and indeed the mid- 
dle salt formed by their union is in quantity, properties, 
in every way the same, as if the pure acid had been 
added: but yet only a very little air comes off: is it 
not then that the air is driven out of the alkali by the 
acid and joins itself to the Magnesia? 

Experiment XXII.—I put two drachms of sal tartari 
and an ounce of water together into a large flask fur- 
nished with a long and slender neck: the flask with the 
salt and the water weighed two ounces two drachms: 
I then gradually dropped in oil of vitriol diluted with 
water to complete saturation of the salt, which was 
attained when I had poured in two drachms two 
scruples and three grains of the acid; the flask now 
weighed two ounces four drachms and fifteen grains; 
the loss of weight was therefore one scruple and eight 
grains; of this a very small part might be water, or 
something similar; the rest air. 

These things misled the celebrated Homberg, when he 
endeavoured to find the proportion of solid and liquid 
in different acids;t he attacked the question by satu- 
rating pure alkaline salt with each of the acids, and ob- 
serving what the salt gained from a definite quantity 
of each acid; but his calculation was necessarily errone- 


* Analysis of the air, exper. Ixxiv and xcix. 
t Mem. de l’Acad. de sctenc., vol. i, p. 52. 
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ous, as the alkali loses no small part of its weight in the 
saturation. 

Experiment XXIII.—I repeated the last experiment 
with two drachms of Magnesia in the place of the sal 
tartari, and used the same spirit of vitriol: of this four 
drachms one scruple and seven grains completed the 
solution. The flask, with the Magnesia and the water 
gave, most exactly weighed, two ounces two drachms, 
before the addition of the acid of vitriol; and after the 
solution of the Magnesia, two ounces five drachms two 
scruples and eleven grains. Therefore there had been 
lost by effervescence, one scruple and sixteen grains. 

Experiment XXIV.—I did all the same things over 
again so far, with two drachms of Magnesia reduced 
by effective burning to two scruples and twelve grains: 
four drachms one scruple and two grains of the same 
acid completed the solution: it lost only two grains 
during the solution, which may indeed consist of water. 

I took care first to dilute the oil of vitriol used in this 
experiment with water, so that it should not excite a 
sudden violent action and heat in the flask, while it 
was mixing with the water, and so dissipate a part of 
this. I also chose a capacious flask, from those to wit 
in which Florentine oil is imported into this country. 
Hence, the vapours and droplets of water, ejected by 
the effervescing liquids, and wandering for a while in 
the hollow of the flask, were soon collected, like dew, on 
its sides, so that not a droplet ascended as far as the 
neck, which, when the experiment was ended, was 
quite dry. 

This experiment seems to show why Magnesia usta, 
when united to acids, produces salts similar to those 
which it produced before the burning: for Magnesia 
usta has lost its air before the encounter with the acid; 
but Magnesia non usta loses it in the encounter itself. 

From a consideration of the foregoing experiments it 
seems probable that the prodigious noise which gold, 
when it has first been dissolved in aqua regia, and then 
restored, in the form of a powder by means of an alka- 
line solution, gives out when brought to the fire, is due 
to the air, transferred from the alkali into the gold, and 
suddenly liberated by the force of the fire: for certainly 
air can lie hid in metallic calces: seeing that it has been 
_— by the distinguished Hales, from minium it- 
self. 


EXPERIMENTS ON CALCAREOUS POWDERS AND STONES 


Experiment XXV.—I dissolved an ounce of chalk in 
spirit of salt; and again separated it, from the acid, by 
means of fixed alkali, and washed away all salt by re- 
peatedly pouring on and pouring off water. The chalk 
then, on chemical examination, did not seem to have 
been changed in any way, inasmuch as it effervesced 
strongly with acid of vitriol, but yet was not dissolved 
by it; burnt in a sufficient fire, it became true quick- 
lime, which gave lime-water, and drove out a spirit of 
very sharp odour from sal ammoniac. 

By this experiment I wished to know, whether chalk 
could acquire the properties of Magnesia: or if Mag- 


t Analysis of the air, p. 192. 
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nesia owed these properties to a previous union with 
acid, and then separation from it: but chalk is nothing 
changed by this process. 

Experiment XXVI.—Let any calcareous substance 
be put, in fine powder, into a hot solution of alum; 
there will be produced immediately a great commotion 
and ejection of air; but yet the powder will not dis- 
solve; it will be seen rather to increase in quantity. 
Let the addition of the powder be repeated, until no 
more action is excited. The liquid now has very little 
taste of alum, and hardly any of lime; on the addition 
of an alkaline liquid it gives no coagulum, as solution 
of alum does, but is only slightly troubled. 

The calcareous powder, in this experiment, unites 
with the acid, and therefore turns out the earth of the 
alum; but the calcareous powder also, united to the 
acid follows this earth to the bottom; for the acid of 
alum is similar to the vitriolic; hence, united with 
calcareous matter, it forms a powder scarcely soluble 
in water: the slight cloud formed on the addition of 
alkaline liquor comes from a very small quantity of 
calcareous solution. 


EXPERIMENTS ON CALCINED HARTSHORN 


Experiment XXVII.—Calcined hartshorn put into 
spirit of vitriol, absorbs the acid, and gradually falls 
down into a very white powder: yet it does not dis- 
solve, nor does it make the acid effervesce. 

Experiment XXVIII.—It dissolves slowly in the 
acids of salt and of nitre, with a very slight efferves- 
cence. After the acid seems to be already saturated 
you may add as much as you please of the fine powder 
and warm it for several days with a gentle heat, yet 
it will not completely lose its acidity; but it will re- 
tain both its acrid-acid taste, and still turn infusion of 
violets red. 

Experiment XXIX.—Distilled vinegar warmed over 
this powder, neither produces effervescence, nor dis- 
solves any perceptible quantity of it. The vinegar 
when poured off has almost the same taste as before, 
and gives only a slight cloudiness on the addition of 
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alkaline liquor. It does not, therefore seem to have 
any value in medicine; for it is retained among the 
powders which alone absorb acid; while yet it is quite 
unsuitable for this business, if it does not absorb the 
acid formed by fermentation. 

Experiment XXX.—Calcined hartshorn suffers no 
change when burnt in the most vehement fire; nor 
does it acquire any of the properties of quick-lime. 


EXPERIMENTS ON THE EARTH OF ALUM 


I dropped gradually solution of pure sal alkali into 
solution of alum; a quite conspicuous effervescence at 
once arose, and the earth of alum showed itself in the 
form of a coagulum. This when well washed was used 
in the following experiments. 

Experiment XXXI.—The earth of alum is dissolved 
by all acids, but indeed very slowly, unless heat is 
applied. The liquor which is formed from vitriolic 
acid united to the earth of alum clearly resembles solu- 
tion of alum; that from the acid of nitre, or from the 
acid of common salt, is more harsh; that from distilled 
vinegar has a certain sweetness, mixed with astringency: 
none of them can be brought so far that the acid in 
them is perfectly changed: but they retain always a 
sub-acid taste, and the power of changing the colour 
of infusion of violets to red; in this they agree with 
solution of alum. 

This earth seems to adhere to acids with only a slen- 
der attraction and for solution requires a large quantity 
of them, and when united to them changes them less 
than other absorbent earths do. 

The earth of alum, dissolved in distilled vinegar 
gives a new kind of alum, which, as it is milder than the 
common kind, and perhaps more penetrating, may 
sometimes be conveniently preferred to it in making 
up remedies. 

Experiment XXXII.—The earth of alum exposed 
for an hour to a very strong fire, suffers no change, ex- 
cept that it loses about a fifth part of its weight, and 
afterwards dissolves with greater difficulty in acids. 





CHICAGO SUMMER LECTURES 


The Department of Chemistry of the University of Chicago 
announces two series of Lectures by Professor L. Ruzicka of the 
Technische Hochschule, Zurich. The first (Chemistry 348) will 
be given Tuesday evenings from 7 to 8:30 or 9:00, beginning 
June 18 and closing August 13, and the second (Chemistry 349) 
on Wednesday and Thursday afternoons from 3:30 to 4:20, be- 
ginning June 19 and continuing to August 15. 

The evening lectures will treat of the more general aspects of 
the topics listed below while the afternoon lectures will deal with 
detailed discussion of the principles and compounds involved. 
The lectures are so planned that attendance at the evening lec- 
tures is possible without registration for the afternoon course; 
students registering for the afternoon lectures are advjsed to take 
the evening lectures also. 

The Tuesday evening series will begin June 18 at seven o’clock 
and will deal with the following topics: 


I. Pyrethrums and Other Biologically Important Compounds 
with Small Carbon Rings. 

II. Recent Developments in the Chemistry of Odoriferous 
Substances. . 

III. Compounds with Many Membered Rings. 

IV. Polyterpenes with Special Reference to the Principles 
Underlying Their Synthesis. 

V. Sterols and Bile Acids. 

VI. Sex Hormones (A). 

VII. Sex Hormones (B). 


VIII and IX. Other Biologically Important Derivatives of 
Sterols and of Polyterpenes, Including Certain Vitamins and 
Carotinoids. 
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IT. THE DIFFERENTIAL EQUATION FOR A WAVE MOTION 
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THE CONCEPTS OF QUANTUM MECHANICS 


T IS the concept of probability that characterizes 
] the new point of view, and quantum mechanics repre- 

sents a modification of classical mechanics which 
enables us to predict the behavior of any system from 
the point of view of the principle of indeterminism. 
As a consequence of the application of this new me- 
chanics, certain conclusions have been deduced which 
are quite different from those expected on the basis of 
Newtonian mechanics. On the other hand, the new 
theory leads to discrete energy states for atomic sys- 
tems by a much less artificial mode of derivation than 
was possible in the Bohr-Sommerfeld theory. Further- 
more, the calculation now leads to correct solutions in 
those cases where the latter theory failed to give a satis- 
factory answer, while it yields the same results as the 
older theory wherever the latter did give results in agree- 
ment with observation. 

The actual mathematical technic of the new quan- 
tum mechanics has evolved from what appeared at first 
to be three different lines of attack. The first one, 
originated by W. Heisenberg, is a purely symbolic type 
of mathematics and is quite unsuitable for elementary 
presentation. The second one, developed by E. 
Schroedinger (we shall use the symbol S. in referring to 
him), has enjoyed greater popularity, probably, as 
Eddington has suggested, ‘‘because it is the only one 
that is simple enough to be misunderstood.”’ The 
third line of development is that presented by P. 
Dirac in his treatise on ‘“The Principles of Quantum 
Mechanics’; one which involves, like Heisenberg’s 
treatment, a symbolism which is apt to repel any who 
are not “mathematically minded.”’ 

In the presentation which the writer has attempted 
in the following sections, only the most essential aspects 
of the S. technic are considered, without regard to the 
particular arguments by which S. actually developed 
his equation. The reader who desires to obtain an idea 
of the actual method of derivation used by S. will find 
this presented in various publications.' 

However, since it is impossible to present even the 
simplest formulation of the S. theory without recourse 

* This is the second of a series of articles presenting a more 
detailed and extended treatment of the subject matter covered 
in Dr. Dushman’s contribution to the symposium on Moderniz- 
ing the Course in General Chemistry conducted by the Division 
of Chemical Education at the eighty-eighth meeting of. the Ameri- 
can Chemical Society, Cleveland, Ohio, September 12, 1934. 
The author reserves the right to publication in book form. 

Problems correlated with the subject matter of this article will 
be found on this month’s Mathematical Problem Page (p. 294). 

— list of ‘“‘General References on Quantum Mechanics,” on 
p. i 


to certain fundamental mathematical ideas, it has been 
considered advisable to precede the derivation of the S. 
equation and the consideration of some of its applica- 
tions, by some remarks on these more purely mathe- 
matical aspects. 


SOME FUNDAMENTAL DIFFERENTIAL EQUATIONS? 


A differential equation is a quantitative expression 
of a hypothesis regarding the mechanism of a given 
phenomenon. In general, what we measure as ‘‘pointer- 
readings’ are the results over a period of time, or over 
a finite distance, of certain forces acting between the 
bodies constituting the system under observation. 
These forces vary with time and with changes in relative 
arrangement of the parts of the system, but from the 
integration of the differential equation, whenever this 
is feasible, it is possible to deduce the total change in 
the magnitudes defining the state of the system under 
any given conditions or at any instant of time in terms 
of the initial conditions. 

(1) Let us consider the very simple law governing the 
motion of a body under the action of a constant force. 
Let F denote the force, u the mass, and s the distance 
measured along the path of motion. 

By definition, the force is equal to the rate of change 
of momentum. Hence 


d(u) 


ai 


where v = velocity at any instant. 
For velocities which are small compared with that 
of light, » is constant. Therefore, we can write 


dv 
Feu-s (1) 
But velocity is defined as rate of change with time 


of distance along the path. That is, 


ds 


Consequently, we obtain the result that 


d =) d’s (3) 


tiers te me: ae 


Since F is constant, we obtain the differential equa- 
tion of the second order, 


d’s 
—— (4) 
where a is the ‘‘acceleration.”’ 


t See list of ‘‘References on Mathematics,” on p. 284. 


274 





June, 1935 


We now proceed to find s as a function of ¢. This 
will give us a “solution” of the differential equation. 
Integrating once, we have 


1 {ds F ft 
d zi) 7h # 
f a} wo 


3), —-(@) py! 
at); dt/o 


ds _ F 
a = r t + Uo 

where v = (ds/dt) is the velocity at = 0. This isa 
differential equation of the first order, and integration of 
this equation gives the result 


s= 5 Fe + +5 = 


5 Scat? + vt + So (5) 


where So is the value of s at ¢ = 0. 


Figure 5 shows plots of (1) F/u = d?s/dt? = a, the 
acceleration, (2) v = ds/dt, the velocity, and (8) s, 
the distance traversed in time ¢, all as functions of ¢. 





AS5/t*= OL 
dsfolt=oLt + UY 


S=£0LE* + YES, 








Ke 
—»? 


FIGURE 5.—GEOMETRICAL INTERPRETATION OF A 
SINGLE DIFFERENTIAL EQUATION AND OF ITS 
SOLUTION 


Equation (5) is designated a general solution of 
equation (4), and it will be observed that in the process 
of integration, two constants are introduced, one of 
which corresponds to the initial value of ds/dt and the 
other to the initial value of s. The differential equation 
(4) expresses the equation of motion of a body under 
the action of gravity, where F/u = g, the gravitational 
constant. 

(2) The special case of equation (1) in which F, 
and consequently, a, is equal to zero, gives rise to the 
second-order differential equation 

d*y 


mn? 


which leads to the first-order equation, 
dy 


. = ¢, a constant, 


and this in turn, to the result 
y=ex +d, (7) 


where d is a second integration constant. ‘ 
The last equation is that of a straight line, and_c 


defines the slope, while d defines the intercept on the y 
axis, since y = d for x = 0. 

(3) A very important type of second-order differen- 
tial equation is that representing a simple harmonic 
motion. ‘This motion is determined by the relation 
that the restoring force is proportional to the dis- 
placement. Hence, if F denotes the force, 


F= g° de = —kx (8) 
where k is a positive constant and the negative sign 
indicates that for x positive, F acts in the direction of 
decreasing values of x. Thus equation (8) represents 
another variation of equation (4) in which F is pro- 
portional to x. 

This equation cannot be solved by integrating twice, 
as in the case of equations (4) and (6), for the first 


integration gives 


a & = —k f) xit + 
and unless we know «x as a function of ¢, it is impossible 
to carry out the integration indicated. 
The method actually adopted for solving such an 
equation as (8) is extremely interesting. If we write 
the equation in the form 


ad? k 
ip ti)* = 0 


(9a) 
and designate the operator* d/dt by D, we obtain the 
algebraic equation 


(D2? + w*)x = 0 (96) 


where w? = k/y, to denote that k/y is positive. The 
left-hand side of equation (9b) may be represented as 
the product of two factors thus: 


(D + iw) (D — iw)x = 0 (10) 


where i = V —1. 

In this manner we obtain the ¢wo first order differ- 
ential equations, 
(11) 
(12) 


(D — iw)x = 0 
and (D + iw)x = 0 


Equation (11) is identical with the equation 


OF... diet ene wth 
dt x 


* The designation ‘‘operator’’ may appear quite technical. 
However, its significance is merely that indicated by the literal 
interpretation. Thus, y* indicates that we are to perform the 


operation y X y X y, and ~/y that we shall take the square root 
of y. Other operators are Jog and sin. The notation sin @ states 
the nature of the operation to be performed on the angle 0. 
Hence, the expression (d/d@) sin @ indicates the following sequence 
of operations: (1) finding the sine of 6, and (2) determining the 
variation in sin 6 with change in 6. It will be observed from this 
example that the order in which the operators are given is of 
fundamental importance. Obviously sin (d/d0)@ has no mean- 
ing. From the illustration in the text it will also be observed that 
operators may be treated as algebraic symbols, that is, we may 
multiply and (usually) divide by them, as if they were actual 
magnitudes—subject of course to the rule that the operators are 
not always commutative, that is, the order in which they are 
expressed indicates a definite sequence of operations. 
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which yields the solution, 
In x = twt + ©, 


where In = logarithm to base e, and c is an arbitrary 
constant. That is, 
x= 


dwitc = Ceiwt 


where C = €¢. 
Similarly, equation (12) yields the solution, 


x= De-iwt 
where D is another arbitrary constant. 
The complete integral of equation (8) or (9a) is, there- 
fore, 


Xx = Cent a Deiwt (13) 


where on 
o = V k/u. 
The right-hand side of equation (13) may be ex- 
pressed in a more familiar form by making use of 
the series expansion formulas* for «! and «~~! 


jot = ; (iwt)? | (Gut)? , (twt)* 
eiut 1 + tot + 12 + 123 + ia3at Becicys 
~iet m1 — dot + GO? _ Goi)? , Gut)’ _ 
oe) ae ae ee 
Therefore, 

eit oe e~twl 


ji 4+ 


fi 


2 cos wt 


That is, 
cos wt + 7 sin wt 
(16) 


e~twot = cos wt — 7 sin wt 


In consequence, equation (13) may be expressed in 
the form 
(C + D) cos wt + «(C — D) sin wt 
A eos wt + B sin wt (17) 
A=C+D 
B = i(C — D) 
that is, 
A +1B 
wie oe 


In quantum mechanics problems the form of solution 
given in (13) is much more convenient than that given 
in (17). But from the latter the physical significance 


* These expansions are derived from Maclaurin’s series, which 
in turn is a special application of Taylor’s theorem. 
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of the constant w is evident. Putting w = 27», it is 
seen that for ¢ = n/v (where m is an integer), sin wt = 
sin 2xn = 0, while cos wt = cos 2am = 1. Hence, » 
denotes the frequency of the harmonic motion, and 
1/v = 1, is the period of the oscillation. 

The particular values of the constants A and B 
depend upon the initial conditions. Thus, if x = 0 
for t = 0, A = 0, and the particular solution is 


x = Bsin wt. . 


Equation (17) may be expressed in still another form, 
thus: : 


x = WA? + B? image + Rn otf 
= +/A? + B? (sin 5 cos wt + cos 8 sin wt) 
where 
8 = sin-(4/~/A? + B?). 
That is, 
x = VA? + Bi- sin (wt + 4) (19) 


The constant VA* + B? corresponds to the 
amplitude of the harmonic motion, while 6 is designated 
as the phase angle. Equation (19) expresses in the form 
of a single harmonic function the same motion as that 
expressed by the sum of two harmonic functions in 
(17). That the equations are equivalent may be 
demonstrated readily by considering the case A = B. 
Then the two equations become 


x = A(cos wt + sin wt) 
and, since sin 7/4 = cos 7/4 = 1/V2 
x = Av/2sin (wt + 2/4). 


In the first of these equations, x is expressed as the 
sum of two identical harmonic waves which are 90° 
out of phase, while in the second equation, x is expressed 
as a single harmonic wave, having an amplitude V2 
times that of each of the waves in (20) and 45° out of 
phase with each of these. 

The significance of equations (19) and (21) is illus- 
trated by the plots in Figure 6. Curve I corresponds to 
y = 3cos wt; curve II toy = 4 sin wé, and curve III 
to y = 5sin (wt + 6) where 6 = 36.8°. It will be ob- 
served that each ordinate for curve III is the sum of 
the ordinates, for the same value of ¢, for curves I and 
II. This illustrates a generalization known as the 
Principle of Superposition, which is of extremely great 
importance in quantum mechanics. 

It will be observed that in equation (18) the complex 
quantities C and D differ only in the sign of the imagi- 
nary term, 7B. Such expressions which differ only in 
the sign of the imaginary part are said to be conjugate. 
It is customary to designate the conjugate of any 
complex quantity by a bar over the symbol or an 
asterisk. Hence, it is evident from equation (18), 
that 


(20) 


(21) 


C=DandD=C. 
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Also, since 


ar. Hp . (4 +4B) (4 — iB) _ A? +B? 
Cc = DD = “> 5 — 





it is observed that the product of a complex quantity 
by its conjugate is always real. The positive value of 


the square root of this product, that is, VA? + B?/2 
is known as the modulus of C or D and is usually written 
in the form 

j|C| = |D| = VA? + B?/2. 


Also (A? + B*)/4 = |C|? = | D|? is designated 
the norm of the complex quantity C or D. 


4 


= 36.8 
ry 36.2x radians 


I =3 COs tut L 

T=4 sin w 

M=5 Sin(wit+d) mw 
—«6t 


Z 








FIGURE 6.—ILLUSTRATING THE SUPERPOSITION PRINCIPLE OF 
Wave MotTIons 


In the case for which B is zero, that is, C = D, a 
real quantity, 
C(eot + ¢-iwt) 
2C cos wt 
A sin (wt + 2/2) from (19). 
= A cos wt 


since sin~'(4/A) = 2/2. This leads to the result 
A= 2, as is evident also from (18). 

It will be observed that VA? + B? = 2|C| is 
the amplitude of the wave motion defined by (13) or 
(17). 

Another point worth noting is that the quantities 
C and D in (13) actually define the phase angle, 5, by 
means of the relation 


6 = sin“ (4) = sin! (< a =) 
Ys VA? + B? V4CD/ * 
We may, however, introduce the phase angle into 
equation (13) and write 
x = Cot(wt—5) + Doe—i(wt—d) 


(18a) 


This may be expressed in the same form as (17), 
with, however, the following conditions: 


A = Ceemid + Decid 
B = i(Coe#8 — Dot), 
so that 
A? + B? = 400, 


and 
VA? + Bt = 2|G| = 2/C| 
as before, while equation (19) assumes the form 
x = WA? + B?. sin wt (19a) 


The formulation of wave motions in terms of ex- 
ponential expressions such as (13) or (13a) is of great 
importance in the consideration of many of the prob- 
lems of quantum mechanics. 

(4) Lastly, we shall consider the second-order differ- 
ential equation of the form 

d*y 


=~, — my = 0 


dx? (22) 


where m is a constant. 

Such a problem would arise if in the case discussed 
in equation (8), the force were assumed to be propor- 
tional to the displacement and in the same direction, 
that is, if the sign of k were positive instead of negative. 

As in the previous cases, it is to be expected that the 
general solution must contain two arbitrary constants, 
which are determined in any given case by the particu- 
lar boundary conditions. Using the operator method, 
equation (22) becomes 


(D? — m*)y = 0 
that is, 
(D — m)(D + m)y = 0, 
whence follows the general solution, 


y = Aemx 4+ Be-mx (23) 


where A and B are two arbitrary constants. 


Corresponding to the exponential expressions for the 
sine and cosine functions given in (14) and (15), we 
have the following relations: 


emx + e-mx = 2 cosh mx 


(24) 


emx — «mx = 2 sinh mx 


where cosh and sinh denote the “hyperbolic” cosine 
and “hyperbolic” sine functions, respectively. Hence 
(23) may be written in the form, analogous to (17), 


y = (A + B) cosh mx + (A — B) sinh mx (25) 


where (A + B) and (A — B) evidently may be re- 
placed by two new constants, thus retaining the 
general form of solution with two arbitrary constants. 

Figure 7 shows the graphs for cosh x and sinh x, 
and it will be observed that the two functions become 
more and more nearly equal to each other for large 
positive values of x, while they diverge more and more 
with increasingly negative values of x. 


PHYSICAL SIGNIFICANCE OF ¢@* AND ¢710% 


We shall now consider further the significance at- 
tached to the expressions A¢@* and Be—e* in quantum 
mechanics problems. 

Since ¢@* = cos ax + isin ax [cf. equation (16)], 
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it is evident that this expression corresponds to a wave 
motion of wave-length \, such that 


a = 2xr/d, 
the argument for deducing this conclusion being the 


same as that used previously in deriving the physical 
significance of w in equation (17). 








FIGURE 7.—PLOT OF HYPERGEOMETRIC COSINE AND 
SINE FUNCTIONS 


Hence, the quantity Ae(#*—t) denotes a traveling 
wave motion of wave-length, \ = 27/a, and of fre- 
quency v = w/2m. The velocity (phase velocity), v, 
is evidently given by 


vA = w/a 


If x is increased from the value xp to x) + x, while 
t is increased from the value é to ¢ + ¢, where ¢ = 
ax/w, the exponential function remains unaltered. 
Therefore, ¢#(#*—«!) represents a wave motion for 
which the direction of propagation is from left to right 
(corresponding to increasing positive values of x). 

Similarly, it may be shown that the expression 
e~t(ax+wt) represents a wave motion for which the 
direction of propagation is from right to left, correspond- 
ing to more negative values of x. 

It follows from these considerations that each of the 
expressions: 


4, = A (ciax + e tax )e “tut = 2A cos axe ~iwl 


and 

y = A(dax — ¢~iax )e~ivt = 247 sin ax-e~ivl 
represents a stationary wave which is the resultant 
of two wave motions, identical in frequency, wave- 
length, and amplitude, but traveling in opposite direc- 
tions. 
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From this point of view, the fact that the amplitude 
of the wave is the sum of the moduli of the two complex 
quantities C and D in equation (13) receives an interest- 
ing physical interpretation, for it is evident that in the 
superposition of wave motions, the amplitude of the 
resultant wave is the sum of the amplitudes of the 
individual constituent wave motions. 


DIFFERENTIAL EQUATION FOR THE VIBRATION OF A 
STRING 


It is a familiar fact that a string stretched between 
two fixed points, when made to vibrate, exhibits nodes 
and loops. The nature of the wave pattern is deter- 
mined by the length of the string, Z, in accordance with 
the relation 


ee 


where 1 is an integral value and \/2, which is one-half 
the wave-length, is the distance between two con- 
secutive nodes. 

Similarly, a stretched membrane, organ pipe, or any 
other vibrating system exhibits definite wave patterns 
when vibrating, and in acoustics use is made of this 
fact to produce notes of definite frequencies or wave- 
lengths. This observation that the vibrations of such 
systems are characterized, not by a continuously vary- 
ing range of frequencies, but by a series of discrete 
values of these frequencies, is analogous to the spectro- 
scopic observation that an atomic system may exist 
only in a series of states corresponding to a discontinu- 
ous series of values for its energy. It is this analogy, 
which is of a purely mathematical nature, that Schroe- 
dinger utilized in developing his ‘“‘wave equation’’ for 
interpreting the behavior of electrons and atomic sys- 
tems, and, therefore, before proceeding with the con- 
sideration of the wave equation, it is necessary to 
understand some aspects of the mathematical treatment 
of the problems of vibrating systems. 

The simplest of these problems is that of a stretched 
string, as for instance, the wire of a piano, or the 
string of a violin. It is a problem involving only one 
coérdinate in space, which is the distance along the 
string, and also time as a second variable, since the 
amplitude is a function of the time. Let us consider a 
stretched string, infinitely long, extended along the 
x-axis. Let T denote the tension along the string 
(that is, the force which maintains the string in a 
stretched condition), and p, the mass per unit length. 
To derive the differential equation for the motion of the 
string, we consider the forces acting on an element of 
length Ax, which is so short that it may be regarded as 
practically straight. When the string is drawn side- 
ways (in the direction of the y-axis), these forces have 
components along the two axes of coérdinates. Let 
6 denote the angle between the element and the original 
position of the string (along the x-axis), as shown in 
Figure 8. 
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The mass of the element 
Ax is p Ax, and its accelera- 
tion in the direction of the 
y-axis is 0*y/Ol*. Hence, 
the force acting on the 
element is 


F = p(0*y/0d#?) Ax 








(26) 





The symbol 0 is used 
in this equation to indicate 
that y is a function of both 
x and ¢. Hence, 0y/Ofand 
0*y/ Of? are partial differen- 
tial coefficients. 

The force F is balanced by the force arising from the 
difference between the tensions at the two ends of the 
element Ax. That is, 


F = T{sin (6 + Aé@) — sin 6] 
= T[tan (0 + A6) — tan 6] 


ox 


FIGURE 8,—ILLUSTRATING 
DERIVATION OF PARTIAL DIF- 
FERENTIAL EQUATION FOR VI- 
BRATION OF A STRING. 


since for small values of 0, sin @ and tan 6 are approxi- 
mately equal. 
But 


tan @ = dy/Odx 


and 
tan (6 + A@) — tan@ = 
o?y 


d 
“=< (tan 6)-Ax = a2 AY 


A tan 6 


2. 
pw P ie 


Ox? (27) 


and, comparing this equation with (26), it follows 
that 


a 


Ox? P OH 


that is, 


a Sy ae 
ox? ~ Tap 


This relation is usually written in the form 
(28) 


where primes denote differentiation with respect to x, 
and dots, differentiation with respect to ¢. 

Equation (28) is the partial differential equation 
which represents a wave motion along a stretched 
string. It is of interest to consider the significance of 
the coefficient p/T. The constant p has the dimension 
of mass divided by length, that is u//, while T has the 
dimensions of a force, that is u//t?. Thus, p/T has the 
dimension, #?/]?, which is identical with that of 1/u? 
where u denotes a velocity. Therefore, we may replace 
p/T by a constant 1/u? which has the additional ad- 
vantage of indicating that this coefficient corresponds to 
a positive magnitude. (This is the customary method 
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in mathematical equations of indicating such a condi- 
tion and will be used quite frequently in the following 
sections.) 

To solve the partial differential equation of the 
form 


a 2 


ox? aw? OF? (29) 


the classical method of procedure is that known as 
solution by separation of the variables, which is appli- 
cable provided u is a constant. 

Let us assume 


= f(x) - g(d) 
where f(x) is a function of x only, and g(t) a function of 


t only. 
Hence, 


(30) 


y” = f"(x)- g(t) = g(t)(d*f/dx*) 
and 
y = f(x)- g(t) = f(x)(d%g/de). 


Since f(x) and g(t) are each functions of only the cor- 
responding variable, the partial differential coefficients 
may be replaced by ordinary differential coefficients. 

Substituting in equation (29) and dividing by f(x)-- 
g(t), we obtain the relation 


f@ _1. 
fe) = wg) a 


Since the left-hand side is independent of ¢, while 
the right-hand side does not involve x, we may equate 
each term to an arbitrary constant, which we shall 
designate by —m? (to indicate that it corresponds to a 
negative magnitude). 

We thus obtain two ordinary differential equations, 


ae + mif(z) = 0 (32) 


d?g(t) 


de + mu?g(t) = 0 


(33) 

These equations are similar, to one of the types 
considered in a previous section, and therefore the 
general solutions may be given without further explana- 
tion. Expressed in the exponential form, these solutions 
are as follows: 


f(x) = Acimx + Be-imx 
g(t) = 


where A, B, C, and D are four arbitrary constants, the 
values of which are determined by the particular 
physical conditions (known as ‘“‘boundary”’ and “‘initial”’ 
conditions). 
In this case, y = 0 for both x = 0 and x = L, where L 
= length of string (which is fastened at both ends). 
Therefore, for x = 0 


(34) 


Ceimut + De~imut (35) 


(x) =O= A+B 
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Hence, 


Forx = L 
f(x) = 0 = A(émL — ¢-imL) 


2Aié sin mL. (36) 


Since A is not equal to zero, sin mL = 0, which 


means that 


mL (37) 
where # = 1, 2, 3, etc. 
Thus the solution of (34) is 


f(x) = 2Aisin > (38) 


Turning now to the solution in equation (35), we 
have, as initial condition, that is for ¢ = 0, 


gt) = 0 = C+D; and C = —-D. 
As in the case of f(x), we thus derive the solution 
g(t) = 2Ci sin mut, 


and inserting the value of m derived in (87), this be- 
comes 


nr 


L 


g(t) = 2G sin — - ut 

Now if X denote the wave-length, and vy the fre- 
quency, it is evident that f(x) must become zero for 
x = 0, x = d/2, x = x, and so forth. Therefore, in 
equation (38) we can write 


L = 2, chatter, = 22 
2 n 
which states that L must be an integral multiple of one- 
half the wave-length of the note emitted by the vibrat- 
ing string. 
Consequently 


» 2 Lax 
F(x) = 2Ai sin 5: 
mn 


= 2Atsin x forx = L = >. 


Also it follows, since u = y,),, that 


g(t) = 2Ci sin Qavot. (40) 


In these last two equations, v, designates the fre- 
quency of the harmonic or 2" normal mode of vibration 
and , designates the corresponding wave-length. 

Thus the particular solution of equation (29) is of the 
form 


(41) 


y = f(x)-g(t) = —4AC sin ore + sin Qavat 


A = 2L/n = 
mn = t/r\y, = 


and \ and » are the fundamental wave-length and fre- 
quency, respectively. 


d/n, 
nu/2L = ny, 
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It will be observed that the differential equations 
(32) and (33) have physically significant solutions only 
for those discrete values of m which are defined by equa- 
tion (37). These are known as characteristic values 
or eigenvalues, and the corresponding values of the 
functions f(x) and g(¢), as defined in equation (41), are 
known as characteristic functions or eigenfunctions. 

Corresponding to each frequency »y,, there will be a 
definite vibration of an amplitude, defined by the mag- 
nitude of the coefficient AC in equation (40), and there 
will exist m loops (regions of maximum amplitude) and 
(n — 1) nodes (regions of zero amplitude) between 
the ends of the wire. 


SCHROEDINGER EQUATION FOR ONE COORDINATE 


The actual stimulus to the wave mechanics, as it is 
designated, developed by Schroedinger was derived from 
certain theoretical speculations of Louis de Broglie re- 
garding the analogy between the laws of geometrical 
optics and those of classical dynamics. 

As is well known, the laws of geometrical optics are 
more and more valid, the shorter the wave-length of 
light. For light waves comparable in length with those 
of the object upon which they impinge, that is, for rays 
having a radius of curvature comparable with the wave- 
length, we must interpret the observations from the 
point of view of the undulatory theory. This suggested 
to de Broglie the possibility that Newtonian dynamics 
is also an approximation which is valid for macroscopic 
systems, but not for atomic systems because the radius 
of curvature of the electronic orbit is of the same magni- 
tude as the wave-length associated with the corpuscular 
motion. 

Let us consider, for instance, the Bohr orbit of the 
electron in the normal state of the hydrogen atom. 
The quantum condition, introduced by Bohr for deter- 
mining the discrete energy states, is given by the 
relation 


por = h/2r 


where v denotes the velocity of the electron in the 
circular orbit of radius, 7. If there is a wave-length, \, 
associated with this motion, the circumference of the 
orbit must be an integral multiple of A, and for the 
simplest case this multiple will be unity. 

Hence, 


2ar = i 


Comparing these two equations, it follows that 
A = h/po 


which is the famous de Broglie relation. 

As has been mentioned in a previous section, this 
suggested association of wave motion with corpuscles 
in motion has been confirmed by the investigations on 
diffraction of electrons and protons. We must now 
consider the manner in which this observed dualism 
in the behavior of corpuscles has been utilized by 
Schroedinger in formulating his famous theory of wave 
mechanics. 
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Let E denote the total energy of a particle, JT, the 
kinetic energy of the particle, and U, the potential 
energy at any point in space. Then, in accordance with 
the law of conservation of energy 


E=T+U0 
and 
T=E-U 
For a single particle moving in a field of force, such 
as an electron in the hydrogen atom, 


T = /yo? = E— U 
and therefore 

po = V/2u(E — U) 
while, since “ h/ (uv), 


h 
= VIE =D) - 


Since in general U is a function of the codrdinates 
of all the electrons with respect to the nucleus, \ must 
vary from point to point in the field of force. Thus we 
may regard the motion of the electrons as governed by 
that of the associated de Broglie waves. Each electron 
in an atomic system follows the direction along which 
these waves are “refracted” in the field of force which 
is due to the simultaneous presence of all the particles. 

The Schroedinger (S.) equation is a partial differential 
equation, of the same nature as the differential equation 
for the vibration of a string, which indicates the manner 
in which the wave pattern, produced by the motion 
of an electron in a given field of force, varies with the 
space codrdinates. We, therefore, introduce a function, 
y, analogous to the amplitude in a physically vibrating 
system, which defines the ‘‘amplitude’”’ of the wave 
motion and is known as the S. function or space func- 
tion. Its actual physical interpretation will be con- 
sidered in a subsequent section. The simplest type of 
problem is that in which we are dealing with the motion 
of a single particle of mass, yu, in a field of force for which 
the potential energy, U, is a function of only one co- 
ordinate, x. 

Hence, y is a function of x and ¢ only, and we denote 
this by writing y = (x, #). Referring now to equation 
(29) which is valid for any vibrating system in which 
the motion occurs along only one axis of codrdinate, we 
write the equation in the form, 
>i (43) 
where vp) takes the place of u, the velocity. 

As in the solution of equation (29) we assume that 


(x, t) = p(x)-e-2xit (44) 


where the function corresponding to g(#) in equation 
(30) is assumed to be of the exponential form with a 
negative sign in the exponent. Evidently this satisfies 
the partial differential equation (43), and the choice of 
the single exponential function instead of the combina- 
tion ("" + ¢-*7*”) as in equation (35) is merely con- 
ventional. As a matter of fact, since we are interested 
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for the present in the stationary wave patterns, we may 
postpone for a subsequent section any further consid- 
eration of the exact function by which to represent the 
variation in y(x, t) with ?. 

Incorporating the relation for ¥, assumed in equa- 
tion (44), into the differential equation (43), we derive 
the relations 

WW _ ___ d(e~2rirt) 
=e 


—2Qwivd - ¢~2xivt 
oY Arp +@72rivt 
and 

ov 

Ox? 

Substituting the last two relations into (43), the 
result is the ordinary differential equation 


= os . ¢~2zivt, 
x 


dh 4x 
~~ e 
In consequence of equation (42) this equation as- 
sumes the form 
a> , 8r%u(E — U)d 
— eo CS (45) 
This is the form of Schroedinger’s equation for one 
coérdinate, and it will be observed that since U is a 
function of x, the equation cannot be solved as readily 
as the differential equations considered in the previous 
sections. The mathematical technic of solution thus 
depends upon the nature of the function U = U(x). 


MOTION OF ELECTRONS IN ABSENCE OF FIELD OF FORCE 


In absence of a field, that is, for the case U = 0, the 
S. equation assumes the form 


d% , Sr'uEd _ 5 


dx? h? 

Since the coefficient of ¢ is a constant, this equation 
has the same form as equation (9a) or (32). Thus, the 
solution is 

@ = Acdax + Be-iax (47) 
where a? = 822uE/h?, and A and B are arbitrary con- 
stants. * 

As emphasized in a previous section, this equation 
has physical significance only if a = 27/kX, that is, 
if 

QaV QuE/h = 2r/r 


1 = 


h 
V QuE 


which is de Broglie’s relation. 

What is the physical interpretation of the function 
¢? Ina previous section it was shown that the ex- 
pression 
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represents a simple harmonic wave for which the direc- 
tion of propagation is from left to right, while the 
expression 


e-i(axtwt) = ¢-iax ¢-2nivt 


represents a simple harmonic wave motion from right to 
left. 

Thus, if in equation (47), we wish to designate a wave 
motion propagated from left to right, we can indicate 
this by putting B = 0. To obtain an interpretation of 
@ we proceed as follows: 

Multiplying ¢ by its complex conjugate, the result 
is 


oh A Ad ax. 


e~2nivt . ¢~iax . e2xivt 


AA = A?, since A is real. (48) 


In quantum mechanics ¢¢dx is regarded as the prob- 
ability of occurrence of an electron in the element of 
distance dx at the point x. Since ¢¢ is a constant in 
the present instance, we may interpret this magnitude 
as designating the mumber of electrons per unit length. 
That fact that this linear density is constant means 
that the electrons are uniformly distributed at all points 
along the x-coérdinate from — © to +o. This result 
is in agreement with the deduction from the Principle 
of Indeterminacy. For an electron having a definite 
momentum, p = pv = J/ QuE, the associated wave 
motion is represented by a monochromatic (or uni- 
frequentic) wave extending from — to +o, and the 
position of the electron is completely undetermined. 
There is an equal probability for the occurrence of the 
electron anywhere along the infinite wave-train. 

The case A = +8 evidently corresponds to a 
stationary de Broglie wave. For 


o= 


= 2A - cos ax+e~2rivt 


A(dax + ¢~iax) ¢—2rivt 


or 
= 2Ai-sin ax-e—2rivt 


depending upon the particular physical conditions to be 
satisfied. In this case 


oo 4A? cos ax 


or 


—4A? sin ax (49) 


and therefore the value of the distribution functions 
along the x-axis varies periodically between the values 
0 and 4A*. Again, we interpret the expression ¢¢dx 
as representing the relative probability of occurrence of 
electrons in the element dx at the point x. 

From these considerations it is possible to perceive 
the reasons for choosing the exponential functions ¢** 
and e~ ‘** for representing the motion of a uni-directional 
stream of electrons which have a definite velocity. It 
is only by means of these functions that it is possible 
to derive a value of ¢¢ which is constant for all points 
along the direction of motion, and which is in accordance 
with the conclusions based on the experimental fact 
that in such a stream positions of the electrons are com- 
pletely undeterminable. 
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If we attempt to use the sine or cosine functions, the 
value of ¢@ thus derived turns out to be a function of 
x (as shown above), which would indicate the possi- 
bility of observing that the electron density varies at 
different points along the direction of motion in accor- 
dance with the variation of cos ax or sin ax. Hence 
we are justified in using the latter representations only 
in those cases where observation indicates the existence 
of a corresponding density distribution along the axis 
of x. 

We shall now consider the interpretation of v and u 
for a de Broglie wave motion. Since it is not possible to 
measure v for such a wave by any experimental method 
(the only magnitude which may be determined experi- 
mentally is the wave-length), we assume that the fre- 
quency is defined by the quantum relation » = E/h, 
where E£ is the total energy. According to de Broglie, 
the value of £ that should be used in calculating v is that 
derived on the basis of the special theory of relativity, 
that is, E + yc, where c = velocity of light. However, 
in any observations, it is only energy differences that 
are actually measured, and, therefore, it is immaterial 
which value of the total energy is used. Owing to this 
indefiniteness in the absolute value of E, it follows that 
the value of « = vd also cannot be determined by any 
experimental method. 

In treatises on quantum mechanics, u is designated as 
phase velocity and a distinction is drawn between this 
quantity, which cannot be observed experimentally, 
and the so-called group velocity, which is identical with 
the experimentally observed corpuscular velocity, v. 
However, to the writer it seems that altogether too 
much emphasis has been laid on this topic, at least in 
an introduction to quantum mechanics. As a matter of 
fact, it is meaningless to speak of a velocity u, and 
a frequency v, as if they were observable magnitudes. 
For this would imply a physical phenomenon in which 
something is, as it were, in a state of vibration. But as 
a matter of fact we find that in many problems ¢ is a 
function of more than three coérdinates. Thus, in the 
problem of the helium atom, ¢ for the system is a func- 
tion of the coérdinates of each electron and, therefore, 
represents a vibration in a space of six dimensions. Ob- 
viously, it is nonsensical to speak of phase velocity in 
such a case, although it is possible to calculate a value of 
¢¢dxdydz, which gives the relative probability of 
locating one of the electrons in the element of volume 
dxdydz at any point in the space surrounding the 
nucleus. 

As N. F. Mott has stated,’ in referring to the function 
¢, ‘The wave function is, so to speak, just a convenient 
shorthand. The waves are not waves in any medium. 
There are no waves accompanying the electron, until 
we have observed the electron. Then we make use of 
the wave representation to embody the results of an 
observation. The wave equation tells us what may be 
deduced, from our observations, about the future 
position and velocity of an electron.” 

1 Mort, N. F., “An outline of wave mechanics,’’ Cambridge 
Univ. Press, 1930. 
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OPERATOR METHOD OF DERIVING THE SCHROEDINGER 
EQUATION 


This divorcing of the S. equation from any physical 
interpretation is demonstrated by considering an 
alternative method of deriving the equation which 
involves no mention whatever of a de Broglie wave- 
length. 

Let us refer once more to the equation for the total 
energy of a system, as derived from classical mechanics. 
We write this, for the case of a single particle, in the 
form 


E = 1/0? + U(x) 


p? 

+ U(x) —-E =0 (50) 
be 

where p = pv = momentum. 

This equation gives the relation for the energy in 
the so-called Hamiltonian form, that is, as a function 
of coérdinates and corresponding momenta. This is 
indicated symbolically by writing E = H(p, q) where qg 
is used instead of x to designate the codrdinate. 

We now replace p by a differential operator, which we 
assume is of the form, 


| aa, 


ace (51) 


p= 


where the partial differential coefficient refers to the 
more general case in which U is a function of several 
coordinates, and their corresponding momenta. In 
the present case, the partial differential is synonymous 
with the ordinary differential, so that the symbol 0 
may be replaced by d. Thus, we obtain the operator 
—h? 1 d@? 

Applying this operator to the function ¢, the result 

is 


\ d? 8r2u oy nt ne 
jaa + yo S44 


that is, 
d*p + 82?u 


dx? h? (45) 


(E — U)p = 
which is the S. equation. 

From equation (51) a result may be deduced which is 
of extremely great significance. In ordinary mechanics 
pq is identical with gp, that is, the quantities p and q 
are commutative. This is no longer true in quantum 
mechanics, for 


where qg, designates one of the generalized coérdinates, 
and p, is the corresponding momentum variable. 
On the other hand ' 


* (55°) a 
Qk = Qk Oni ge 7 


Therefore, 


h 

pide — QePk = 5 (46) 
This result represents the analog, in the new 
mechanics, of the Bohr-Sommerfeld quantizing condi- 
tion for the determination of electronic orbits, which 


was stated in the form 
SF Pige = nh 


where » is an integral value, and the circle on the 
integral sign indicates that the integration is to be 
carried out over the whole orbit (periodic path). 

Equation (46) is a logical consequence of the Principle 
of Indeterminacy, since it shows that p, and g, cannot 
have the same physical significance in the new theory 
as they had in classical mechanics. 

It is of interest to point out further in what manner 
use may be made of equation (51) in deducing a physi- 
cal result. 

In a previous section we considered the interpreta- 
tion of the solutions 


bax 


a = 
og: = 


e~tax 


for the motion of a homogeneous beam of electrons in 
absence of a field. 

Applying the operator p to each side of the first of 
these relations, we obtain the result 


pei = ft . £ (e#ax) 


2nt 
-dax = V/QuE-¢1 


hi 
Oni 
since a = (24/h) V2uE 


Hence, 
bp = +V2uE 


The positive sign before the radical indicates that the 
momentum and therefore the velocity, v = dx/dt, is 
in the positive direction. That is, the wave is propa- 
gated from left to right. 

Similarly it may be shown that in case of de, 


p= —V QE, 
that is, the wave is propagated from right to left. 
The case 

= ¢iax + ¢~iax 

= 2 cos ax 
or 

= 27 sin ax 
leads to the relation 

po = 


in the first case, that is 


p(cos ax) = — #4 ‘sin ax 
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and in the second case, to the relation 
* COS ax. 


p(sin ax) = =i. 


That is, we can no longer assign, in this case, any 
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definite value to the momentum, and this follows also 
from the fact that the cosine or sine functions repre- 
sent stationary wave patterns along the axis of x, and 
therefore some of the particles are moving in one direc- 
tion and some in the other. 
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DIVISION OF CHEMICAL EDUCATION—MINUTES OF THE NEW YORK MEETING 


Executive Committee Meeting, April 23. 


A discussion of the proposal officially to disband the 
Senate of Chemical Education resulted in the general 
feeling that it would be undesirable to proceed with too 
great haste, and it was accordingly decided to recom- 
mend that the Division appoint a committee to study 
the question and report upon the best procedure. 

It was voted that the Chairman appoint a committee 
to investigate the ways and means by which the 
Division can best advise and coéperate with the Coun- 
selors of the Boy Scouts in conducting their program 
of work leading to the merit badge for chemistry. 


Business Meeting of the Division, A pril 26. 

Progress reports were received from the Committee 
on Minimum Equipment and the Committee on 
Chemical Education of the Non-Collegiate Type. 

The Chairman of the Committee on Examinations 
and Tests read a brief report and asked that the 


Division officially endorse Form C of the tests recently 
issued by the Codperative Tests Service of the Ameri- 
can Council on Education. It was voted to submit 
this matter to the Executive Committee for action. 

It was moved that a committee be appointed to set 
up a nation-wide program for the study of the contribu- 
tions made by the variations of the lecture demonstra- 
tion and laboratory methods. After discussion, the 
matter was referred to the Committee on Naming and 
Scope of Committees. 

Following the suggestion of the Executive Com- 
mittee, it was voted that the Chairman appoint a com- 
mittee to study the question of what disposal, if any, 
shall be made of the Senate of Chemical Education, 
and to report at the San Francisco Meeting. 

Votes of thanks were passed to the New York Section 
and to all speakers on the program of the meeting. 


Adjournment. 
N. W. RAKESTRAW, Secretary 





A SIMPLIFIED MIXTURE 


CALORIMETER 


H. S. van KLOOSTER 


Rensselaer Polytechnic Institute, Troy, New York 


HE CUSTOMARY outfit for determining heats 

of neutralization consists of a highly polished 

cylindrical vessel of silver of 600 cc. capacity 
surrounded by co-centric metal or glass cylinders 
placed in a larger water-filled jacket. In this calorimet- 
ric vessel one places 250 cc. of fourth-normal acid while 
the same amount of base is introduced into a second con- 
tainer. At the proper time the base is allowed to flow 
into the calorimeter. This arrangement necessitates 
the use of two thermometers, one for the upper and one 
for the lower vessel, and the evaluation of the readings 
of one thermometer in terms of the other. It occurred 
to the writer that the use of a second thermometer could 
be eliminated and at the same time a saving in materials 
effected by bringing both liquids in close contact with 
each other prior to the mixing. 

The apparatus sketched in Figure 1 has been in use 
for a considerable time and with satisfactory results 
both for private and for student work. It consists of 
an 8” wide-mouth vacuum flask of 400-cc. capacity 
fitted with a protecting jacket of corrugated cardboard 
in which is placed the mixing chamber. The latter is 
formed from a glass cylinder about 7” long and 1.5” 
wide, tapered down and rounded at the base to about 
1” diameter so that it will slip tightly over a cork (or 
rubber) stopper. A similar, thin-walled glass tube of 
1” diameter, likewise tapered and rounded at the base 
so as to insure an easy and tight fit, serves as the inner 
calorimetric vessel. The outer tube is held in position 
by cork collars sealed to the Dewar vessel, and heat 
losses are minimized by cardboard covered with tin foil, 
as indicated in the figure. From a 25-cc. pipet, 25 cc. of 
acid is introduced into the annular space between the 
tubes while the inner tube contains the same volume of 
base. After inserting the Beckmann thermometer in the 
center of the inner compartment, the system is allowed 
to come to equilibrium and readings are taken at 
regular intervals of time. At the proper moment the 
inner tube is released by a slight turning movement 
and raised up and down a few times to insure a thorough 
mixing. The readings are continued in the usual way 
for some time and the data plotted on graph paper. 

In Figure 2 are recorded the readings from student 
observations both for the usual procedure (250 cc. of 
base and of acid) and for the simplified method in which 
only 25 ce. of each reagent isemployed. As is seen from 
the curve on the right, the temperature rise is practi- 
cally instantaneous and can be readily and accurately 
evaluated. It can be argued, of course, that since the 
quantities used are only one-tenth of the customary 
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amounts, any error in the determination of the tem- 


perature rise is necessarily multiplied by ten. How- 
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ever, the advantages inherent in this simplified pro- 
cedure are such that the results obtained are usually 
not more than 2 or 3 per cent. different from the 
correct value and the deviations are not greater than 
those obtained by the method commonly employed. 

In case the thin-walled glass cylinder is replaced by a 
silver cylinder held in a flanged glass tube a better 
heat exchange is established and more accurate results 
are obtained. 

At the suggestion of the writer Mr. A. R. Bayer! has 
utilized the apparatus described for the determination 
of the heats of mixing of water and a number of pri- 
mary alcohols at room temperature (20°) using each 
time a total volume of 50 cc. of the reacting substances. 
The results obtained agreed within a few per cent. with 
those of Bose? who used a different technic and amounts 
of liquid 4 to 6 times as great. 

Preliminary experiments showed that the new 
outfit can also be used to great advantage in cases 
where the usual procedure fails, as for instance in the 
determination of heats of gelation when rapid or in- 
stantaneous formation of gels occurs. A few cases were 
investigated, e. g., the formation of Baskerville’s solid 
alcohols and the formation of silicic acid gels by the 


1 A. R. Bayer, Thesis, Rensselaer Polytechnic Institute, June, 


1931. 
2 Bose, Z. physik. Chem., 58, 585 (1907). 
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addition of acetic acid to dilute solutions of water glass. 





INCREASING the ACCURACY of 


ELECTROLYTIC 


CONDUCTANCE 


MEASUREMENTS MADE WITH 
STUDENT-TYPE EQUIPMENT 


LEE NUTTING 


Department of Chemistry, Stanford University, California 


Student-type apparatus for electrolytic conductance 
measurements generally uses a microphone hummer as 
the source of alternating current and a pair of head- 
phones directly connected to the bridge to determine the 
bridge balance point. In most cases this arrangement 


++ + 


INTRODUCTION 
N MAKING electrolytic conductance measure- 
ments with student-type equipment it is customary 
to use a microphone hummer as the source of al- 
ternating current. In general the bridge balance point 
is determined by the use of a pair of headphones di- 


does not permit measurements with an accuracy com- 
parable to that of calibration of the student-type slide-wire 
and standard resistance. This accuracy may be gained 
through the use of a simple and inexpensive vacuum-tube 
oscillator and amplifier which are described. 


++ + 


rectly connected to the bridge circuit. While this 
arrangement is satisfactory in many cases, it does not 
permit measurements of an accuracy comparable to the 
accuracy of calibration of the slide wire and standard 
resistance. In many other cases an increase in the 
accuracy of results would be desirable, yet the measure- 
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ments must be made with student-type equipment due 
to the lack of other facilities. It is the object of this 
paper to show how this increase in accuracy may be 
obtained with a relatively small outlay for additional 
equipment. 

Papers such as those of Dike,' Shedlovsky,? Jones 
and Josephs,* and Morgan and Lammert* have either 
considered the design of bridges for the measurement of 
the conductance of electrolytes or discussed the his- 
torical or theoretical development of the subject. Al- 
though these authors have been chiefly concerned with 
increasing the accuracy of conductance measurements 
to the highest degree possible, many valuable hints may 
be found in their papers for improving the accuracy of 
measurements made with ordinary equipment. 

The use of a vacuum-tube amplifier as an aid in the 
detection of bridge balance increases the sensitivity of 
measurement. It also makes possible the use of a 
source of alternating current with a much smaller output 
than would be the case if headphones alone were used 
to determine the balance point. This in turn has several 
advantages such as reducing unwanted alternating cur- 
rent fields and decreasing polarization and temperature 
effects in the conductance cell. 


SOURCE OF ALTERNATING CURRENT 


A simple vacuum-tube oscillator may be constructed 
quite readily. The wiring diagram gives the circuit of 
a suitable Hartley oscillator as well as showing it in its 
proper relation to the bridge and amplifier. The alter- 
nating current which is produced is comparatively 
free from harmonics. One advantage of this particular 
circuit is that the six-volt battery provides both 
filament and plate potentials for the type UX 201A 
tube. The output transformer, although not abso- 
lutely essential, serves to separate the oscillator and 
bridge circuits. The letters in the oscillator wiring 
diagram denote: 


T, Audio-frequency transformer, 3:1 ratio. 
R; Rheostat, 30 ohms. 

A Battery, 6 volts. 

‘1A Vacuum tube, UX 201A. 


The filament rheostat controls the frequency of the 
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oscillator. Calibration may be accomplished through 
the use of a 1000-cycle tuning fork. First the conduc- 
tance cell is disconnected and the key is closed. This 
produces a good volume of sound in the headphones. 
The rheostat is then varied until the beat note pro- 
duced by the sound from the headphones and the 
tuning fork is a minimum or, preferably, zero. 

Attention should be called to the fact that this 
oscillator is not proposed unconditionally as a sub- 
stitute for a microphone hummer. An amplifier, 
similar to the one to be described subsequently, must 
be used in conjunction with it. 


BRIDGE 


The conductance cell, a resistance box, and a slide 
wire make up the four resistances of a Wheatstone 
bridge. Due to various causes there are capacity effects 
in the arm of the bridge containing the conductance 
cell. These effects are accentuated by the use of a 
water thermostat to control the temperature of the 
cell. The magnitude of the capacity effects depends 
somewhat on the particular solution within the cell. 
As a result they can either be considered as limiting 
the possible accuracy of measurements made over a 
wide range of concentrations or else they can be in- 
cluded in the value of the cell constant. The latter 
procedure necessitates determining the cell constant 
at intervals throughout the concentration range in 
which it is used. 

In order to obtain a pronounced minimum at the 
point of bridge balance a capacity must be introduced 
into the circuit in parallel with the resistance in the arm 
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of the bridge opposite to the one containing the con- 
ductance cell. (See the wiring diagram.) A capacity 
variable in steps of 0.001 mfd up to 0.1 mfd has proved 
satisfactory. If it is desired to have continuous varia- 
tion of capacity a 0.001 mfd variable condenser may 
be included. Letters in the diagram denote: 


R; Slide wire. 

R, Resistance box. 

C Conductance cell. 

C, Condenser. (See text.) 
K Key. 


AMPLIFIER 


The two-stage amplifier is of conventional design. 
One innovation, from the point of view of conductance 
measurements, is the use of alternating current tubes. 
Although it was possible to use a rectifier to provide 
the amplifier plate voltage, it did not turn out to be 
very satisfactory due to the fluctuation of the voltage 
of the alternating current supply caused by varied 
laboratory equipment. The input transformer is of 
the variety used to couple a single button microphone 
to an amplifier. Its high impedance ratio makes up 
for the low voltage applied to the bridge. The po- 
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tentiometer across the secondary of this transformer 
is used to control the overall amplification. This is 
quite a useful feature, particularly when preliminary 
adjustments are being made. The two and one-half 
volt heater circuit for the ‘56 tubes is not shown in the 
wiring diagram. The amplifier parts are as follows: 


R, 500,000-ohm non-inductive potentiometer. 
R; Fixed resistance, 2500 ohms. ~ 

C, Fixed condenser, 1 mfd. 

C; Fixed condenser, 0.02 mfd. 

Ch Choke coil, 30 henries. 

Tu Microphone transformer. (See text.) 


DISCUSSION 


The arrangement of apparatus which has been de- 
scribed was used to study the variation of conductance 
with composition at a fixed total concentration. It is 
admirably suited to this type of problem. With the 
apparatus as described the best results are obtained 
if the resistance of the conductance cell is between 100 
ohms and 500 ohms. However it may be used without 
change for a resistance range of 25 ohms to 4000 ohms. 
In addition the apparatus may be readily modified to 
suit the needs of any individual problem. 





The DETERMINATION of MAGNESIUM 
as MAGNESIUM AMMONIUM 


PHOSPHATE HEXAHYDRATE 


J. P. MEHLIG 


Oregon State College, Corvallis, Oregon 


Magnesium may be determined very conveniently and 
satisfactorily by weighing the precipitate of magnesium 
ammonium phosphate hexahydrate after suitable washing 
with alcohol and ether and drying. Comparative results 
obtained by students using this method and the pyrophos- 
phate method are given. 


++ eee te 


N THE usual gravimetric determination of mag- 

nesium, as well as of phosphorus, it has long been 

the custom to ignite to constant weight the precipi- 
tate of magnesium ammonium phosphate, the final 
product being magnesium pyrophosphate, Mg2P20;. 
Not only is this a tedious, time-consuming procedure, 
but if a filter paper has been used in collecting the 
precipitate, another difficulty is encountered, since, 
during the process of losing its water of hydration in 
the early stages of ignition, MgNH,PO,6H:0 has 
the property of attaching firmly within its complex 
structure certain gaseous organic compounds which 
later break down and leave graphitic carbon (1). It is 
often very difficult and sometimes impossible to burn 


off this carbon and leave a white, quantitative residue. 

Worsham (2) has shown that MgNH,PO,-6H2O 
does not undergo any change in weight at 18° to 30° 
and under ordinary laboratory atmospheric conditions. 
If placed in a desiccator over dry calcium chloride at 
18° to 30° it will lose weight at the rate of about one 
milligram in twenty-four hours for each gram of 
sample. 

Advantage has been taken (3), (4) of this behavior 
as a basis for weighing the hexahydrate as such with- 
out ignition to the pyrophosphate. The precipitate of 
MgNH,PO,'6H20, which has been obtained in the 
usual manner, is filtered on a Gooch crucible and 
washed free from chlorides with 1.5 M ammonium 
hydroxide. It is then washed with three successive 
15-ml. portions of 95% alcohol and finally twice with 
15-ml. portions of ether and sucked dry at the filter 
pump for ten minutes. The crucible is wiped with a 
dry linen cloth, placed in a desiccator for twenty 
minutes, and then weighed at once as MgNH,PO,- 
6H.O. The crucible must undergo the same steps in its 
preparation. 
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Since this method may perhaps not be very widely 
known, it has occurred to the writer that it would be 
advisable not only to call attention to it, but also 
to present the results that have been obtained by its 
use by the students in quantitative analysis at Oregon 
State College during the past three years. The pro- 
cedure was followed as outlined above except for the 
very satisfactory substitution of synthetic methanol 
for the 95% alcohol. 

In the accompanying table are also included student 
results obtained by the use of the pyrophosphate 
method prior to 1932. All figures are the averages of 
duplicate determinations and represent ordinary class 
work. The samples are magnesium salts, either pure or 
mixed with inert material. 


‘ 
COMPARATIVE RESULTS FOR MAGNESIUM WHEN DETERMINED AS 
MgNH.«PO,-6H20 ann as Mg2P:07 


Sample No. 1—25.30% Meg* 


As Hexahydrate As Pyrophosphate 
% Meg Deviation % Meg Deviation 
25.16 —0.14 —0.05 
25.50 +0.20 +0.21 
25.46 +0.16 -0.19 
+0.29 
—0.01 
—0.06 
—0.20 
—0.26 


0.16 


. 25.37 0.17 


Sample No. 2—9.48% Met 


As Hexahydrate As Pyrophosphate 
% Meg Deviation % Meg Deviation 
9.61 +0.13 9.60 +0.12 
9.46 —0.02 9.43 —0.05 
9.35 —0.13 9.49 +0.01 
9.52 +0.04 9.46 —0.02 
9.40 —0.08 9.45 —0.03 
9.59 +0.11 9.41 —0.07 
9.48 +0.00 
9.52 +0.04 
9.44 —0.04 


- 9.49 0.07 


Av. 9.47 0.05 


Sample No. 3—9.87% Met 


As Hexahydrate As Pyrophosphate 
Deviation Deviation 
+0. —0.03 
—0.08 
+0.06 
+0.11 
+0.04 
+0.00 
+0.03 
+0.08 
+0.01 
—0.04 
—0.08 


0.05 


Sample No, 4—2.91% Mg** 


As Hexahydrate As Pyrophosphate 
% Mg Deviation Deviation 
2.79 —0.12 -0.11 
2.76 —0.15 +0.04 
2.79 —0.12 +0.05 
2.76 —0.15 —0.06 
2.83 —0.08 —0.07 
2.81 —0.10 —0.11 
2.79 —0.12 —0.02 
+0.08 
—0.03 
—0.14 
—0.06 
0.07 


Av. 2.79 0.12 


Sample No. 5—4.69% Mg** 


As Hexahydrate As Pyrophosphate 
% Mg Deviation % Meg Deviation 
—0.04 —0.14 
+0.19 —0.19 
+0.10 —0.02 
—0.26 —0.07 
—0.05 —0.02 
—0.18 +0.07 
+0.06 +0.09 
+0.09 +0.04 
—0.22 
—0.13 
—0.01 
—0.07 
+0.06 
—0.25 
—0.06 
—0.24 
0.00 


0.10 


0.12 
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Sample No. 6—5.59% Mg** 


As Hexahydrate As Pyrophosphate 

% Meg Deviation % Meg Deviation 
5.62 +0.03 —0.22 
5.45 —0.14 -—0.10 
5.44 —0.15 —0.17 
5.34 —0.25 +0.03 
5.53 —0.06 —0.15 
5.31 —0.28 —0.12 
—0.02 
+0.05 

0.11 


. 5.45 0.15 


> 
s 
on 


Sample No. 7—8.38% Mg** 


As Hexahydrate As Pyrophosphate 
% Meg Deviation Mg Deviation 
8.23 —0.15 19 —0. 
8.11 —0.27 —0. 
8.16 —0.22 -0. 
8.20 —0.18 —0. 
—-0. 
—-0. 
-0. 
—-0. 
-0. 
2 —-0. 
8.47 +0. 
Av. 8.21 0. 


8.18 0.20 
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Sample No, 8—11.55% Mg** 


As Hexahydrate As Pyrophosphate 
% Meg Deviation % Meg Deviation 

.62 +0.07 .56 +0.01 

.39 —0.16 .30 —0.25 
—0.03 .56 +0.01 
+0.20 .52 —0.03 
+0.17 .55 +0.00 
—0.01 .73 +0.18 
—0.07 .27 —0.28 
—0.01 .44 -0.11 
—0.02 44 —-0.11 
—0.02 
+0.15 41.49 0.11 
—0.06 
—0.05 


Av. : 0.08 


* Instructor’s determination (pyrophosphate method). 
t Calculated value for Mg(NOs)26H:0. 
t Calculated value for MgSO«7H20. 
** Determination of commercial laboratory supplying samples (pyro- 
phosphate method). 


Inspection of the table shows that the results obtained 
by the hexahydrate method compare very favorably 
with those obtained by the pyrophosphate method. 
It is a noteworthy fact too that students are much 
more successful with the hexahydrate method in get- 
ting satisfactory results the first time they attempt a 
determination. 

Dick (5) recommends a similar determination of 
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arsenic as magnesium ammonium arsenate hexahydrate, 
and Dick and Rudner have shown (6) that magnesium 
may also be determined as magnesium ammonium 
arsenate hexahydrate. 
SUMMARY 

The determination of magnesium as magnesium am- 
monium phosphate hexahydrate gives results that com- 
pare very favorably with those obtained by the pyro- 
phosphate method. 


JoURNAL OF CHEMICAL EpuUCATION 


The hexahydrate method is more rapid, less tedious, 
and more easily carried out, and there is no black 
residue. 

Success is more often achieved by students on initial 
attempts with the hexahydrate method than is the 
case with the pyrophosphate method. 

The hexahydrate method is strongly recommended, 
not only for magnesium, but also for phosphorus. 
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A REASONABLY PRICED 
HY DROGENATOR 


J. O. RALLS ano W. H. HAMMERSLEY 


School of Medicine, The University of Buffalo, Buffalo, New York 


OR THE past year, a hydrogenator constructed 
at a cost of fifteen dollars for materials and labor 
has given highly satisfactory service in our 

laboratory. The apparatus assembled for use is shown 
in Figure 1, while the constructed parts are shown in 
Figure 2. Some of the details of construction are 
shown in Figure 3. 

The materials required were: 


1 combination vacuum and pressure gauge, 30” to 60 Ibs., 
(Marshalltown Mfg. Co., Marshalltown, Iowa); 
1/,” brass pigtail (Crane and Co.); 
straight !/,” pipe connections; 
T brass 1/4” pipe connections; 
straightway 1/,” needle valves (Crane and Co.); 
ft. brass pipe; 
air-hose connections to fit 1/,” needle valves; 
ft. Tobin bronze rod, 3/,”; 
3/,” hexagonal nuts; 
3/3” wing nuts; 
3/3” brass washers; 
6” X 6” X 1/2” brass plates; 
1/,” black rubber disks—3” diameter; 
3/30" sulfur-free rubber disk—11/,” diameter; 
91/,” X 13” No. 10 mesh (No. 18 brass wire) wire cloth; 
8” X 8” No. 16 gauge copper sheeting; 
brass collar as shown in detail; 
large sized valve stem jam nut; 
tin foil for gaskets; 
1 or more plain quart milk bottles. 


ell el el el ~~ oo oe MO 


FIGURE 1 FIGURE 2 


In the lower brass plate, six equally spaced holes 
are drilled through the circumference of a 5” circle. 
These holes are tapped to take the threads on the ends 
of six one-foot Tobin bronze rods. The rods are held 
in place by the six hexagonal nuts used as jam nuts. 
The other ends of the rods are threaded for a distance 
of three inches to take the six wing nuts. 

The upper brass plate is drilled in a manner similar 
to the bottom plate except that the holes are large 
enough to allow the rods to slip easily through them. 
In addition to these holes, a hole is drilled at the center 
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FIGURE 3 


and then tapped from each side to take a 1/,” standard 
pipe thread. 

The quarter-inch pipe is cut to lengths and threaded 
with standard pipe thread. The length fitted into the 
top of the upper plate is turned into place leaving 
about half of the hole clear on the other side. Into this 
half of the hole is fitted the short length of pipe shown 
in the detail. The connection between the two “Ts” 
is a close nipple. The valves are set in place with the 
inside pressure of the system against the bottom of the 
valve seat. All pipe connections are soldered, care 
being taken to protect the Bourden tube of the gage. 

The connection on the bottom of the upper plate is 
made from a 1*/,” length of 1/,” pipe. One end is 
threaded a distance of !/,” to */,” with standard pipe 
thread. Adjacent to this, the pipe is turned down to 
take the collar as shown in the detail. This smooth 
portion should be about */,” long. The rest of the pipe 
is turned down to take a standard No. 24 thread which 
is the thread in the valve stem jam nut. 

The shield for the milk bottle reaction chamber is 
made from the wire cloth and should fit the bottle 
snugly. The joined edge of this shield is made tight by 
cutting away every other wire on each edge so that the 
extending wires may be interwoven and brazed to- 
gether. 

One heavy rubber disk is placed between the bronze 
rods as a cushion for the bottle and the other one is 
placed over the short tube at the bottom of the top 
plate as another cushion. A large tin-foil gasket is 
placed over the rubber disk and the sulfur-free disk is 
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placed over this. The brass collar is then put in place 
and the jam nut is turned down tightly against the 
collar. (See detail in Figure 3.) 

In practice the bottle is charged with about two 
hundred cc. of reaction mixture and put in place. 
The washers and wing nuts are screwed down evenly 
and tightly, and the bottle is evacuated. The wing 
nuts are then tightened until the vacuum remains 
constant. The usual procedure of washing the interior 
with hydrogen and evacuating is carried out. Hydro- 
gen is admitted to the desired pressure. The whole 
apparatus is then shaken until the reaction is com- 
plete, which may be judged from previous calibrations 
of the system. The bottles will stand a vacuum 
of 28” and a pressure of about 60 pounds above atmos- 
pheric pressure. 


MODIFICATION OF THE BUNSEN 
BURET 


EUGENE W. BLANK 


Colgate-Palmolive-Peet Company, Jersey City, New Jersey 


UNSEN devised the form of buret closed by 

means of a section of rubber tubing containing a 

glass bead.! Such burets are of value in dis- 
pensing alkali solutions. Delivery of the contents of 
the buret is regulated by seizing the tubing between the 
thumb and forefinger at the 
position of the bead and by naa 
means of a gentle pressure at 
the top of the bead, forming 
a channel at one side of the 
bead through which the liquid 
can run out. 

The use of the bead may be 
eliminated by sealing off the + 
buret in the manner shown in 
the diagram. The buret is 
first sealed shut and then a 
small aperture is blown in the 
side wall near the sealed end. “Ng 
Any unevenness of the buret MODIFICATION OF THE 
wall is smoothed away with BUNSEN BURET 
emery paper or by pressing 
the heated portion of the 
buret on an asbestos pad. 

The manner of operation is 
essentially the same as that of 
the bead-tubing cock. 











(A) represents sec- 
tion of rubber tubing, 
(B) is a small aperture 
blown in the side wall 
of the buret, and (C) is 
the sealed portion of 
the buret. 


1 TREADWELL-HALL, ‘‘Analytical chemistry,’”’ Vol. II, ‘‘Quan- 
titative analysis,” p. 441, 6th edition, John Wiley & Sons, Inc., 
New York City, 1924. 





The BOILING POINT of the CON- 
STANT-BOILING MIXTURE HCI-H;,O 


A Correction of an Error Occurring in Many Textbooks 


WILLIAM E. CADBURY, JR. 


Haverford College, Haverford, Pennsylvania 


An error in recording the boiling point of the azeotropic 
mixture HCI-H20 is pointed out. A critical examination 
of this boiling point is made, both experimentally and 
through the literature. It is suggested that the value 110°, 
frequently appearing in textbooks, be replaced by the value 
108.584°. 


+++ + + + 


N EXPERIMENT frequently performed in 
A laboratory courses in elementary physical chem- 
istry is the study of the system HCI-H,O. In 
most of the textbooks available to students there is a 
serious error in recording the boiling point of the con- 
stant-boiling mixture. Several well-known writers on 
physical chemistry record the boiling point of this 
mixture as 110° at 760 mm. pressure; among these are 
Getman and Daniels (1), Friend (2), Washburn (3), 
Rodebush and Rodebush (4), and Walker (5). The 
International Critical Tables (6) also give this value. 
The value recorded in Taylor’s Treatise (7) is 108.5°, 
and in Chapin (8) is 108.4°. 

According to Bonner and Wallace (9) the boiling 
point of this mixture is 108.584° + 0.004° at 760 mm. 
The first work on this subject was done by Roscoe and 
Dittmar (10) who give the boiling point as 110° at one 
atmosphere. Hulett and Bonner (11) report 108.54° 
at 763 mm. Carriére and Arnaud (12) measured the 
boiling point of various mixtures of HCl and water at 
760 mm. pressure and report the boiling point of the 
constant-boiling mixture as 110°; they make no men- 
tion of calibration of the thermometer used. 

The boiling point of the constant-boiling mixture 


was determined in this laboratory by Mr. Allen W. 
Stokes as follows: A mixture of HCl, c.p. concentrated, 
and water was diluted to a specific gravity 1.1 and 
distilled. The first two-thirds of the distillate was dis- 
carded, and all of the remainder but a small residue was 
collected. This was redistilled through a long frac- 
tionating column, the thermometer bulb and mercury 
column being immersed in the vapor. Insulation of the 
column against heat loss by radiation was accomplished 
by wrapping the column with asbestos paper. Super- 
heating was practically eliminated by the use of plati- 
num tetrahedra in the bottom of the boiling flask. 
The boiling point and barometric pressure were read 
after about half of the solution had been redistilled, 
readings being taken every minute for a period of fifteen 
minutes to be sure that a constant temperature had 
been reached. Data were obtained at various pres- 
sures in the neighborhood of 760 mm., boiling point 
was plotted against pressure, and the boiling point at 
760 mm. was determined from the curve thus obtained. 
The thermometer was checked against boiling water in 
the same apparatus. The boiling point of this constant- 
boiling mixture was found to be 108.58° + 0.05° at 760 
mm. pressure. 

This value agrees, well within the limit of experi- 
mental error, with the value given by Bonner and 
Wallace (9). Since the work of Bonner and Wallace 
appears to be of the highest accuracy of any of the re- 
searches on this subject reported in the literature, it is of 
considerable importance that the erroneous value ap- 
pearing in so many textbooks be replaced by the value 
determined by these authors. 
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LABORATORY PREPARATION 
of OXYGEN and of CHLORINE 


FRANCIS C. KRAUSKOPF 


The University of Wisconsin, Madison, Wisconsin 


New methods for the student laboratory preparations 
of oxygen and chlorine are given, and the advantages of 
these methods over those ordinarily used are discussed. 


+++ ooo 


OST laboratory manuals of general chemistry 

M include as standard exercises: (1) the prepara- 

tion and properties of oxygen; and (2) the 
preparation and properties of chlorine. 


THE PREPARATION OF OXYGEN 


Almost without exception the method used for the 
preparation of oxygen consists in heating a mixture of 
manganese dioxide and potassium chlorate in a test- 
tube fitted with a stopper and delivery tube. The 
materials used are abundant and cheap. The reaction 
involved can be presented to the student as a case of 
simple decomposition by heat of an oxygen-containing 
compound. The catalytic effect of the manganese di- 
oxide can be easily demonstrated. If desired the sub- 
stances remaining after the reaction are readily sepa- 
rated and identified. 

For these reasons the method is well suited to the 
beginning student. However, certain disadvantages 
are apparent to those who have watched its use by 
students. 

(1) The fusion of the chlorate mixture may cause a 
stoppage in the test-tube, or the sudden evolution of the 
oxygen may blow some of the loose material into the 
entrance to the delivery tube. Either of these eventu- 
alities may cause the breaking of the test-tube, some- 
times with explosive violence. 

(2) If, when the tube is heated, the end of the rub- 
ber stopper becomes too warm, it will ignite in the 
atmosphere of pure oxygen and burn with disconcerting 
violence. 

(3) The possibility of the potassium chlorate’s 
becoming contaminated with some reducing agent, 
such as carbon, sulfur, sugar, etc., makes it a dangerous 
substance to heat. 

(4) Once the mixture is heated to the temperature 
of rapid evolution of oxygen the reaction does not slow 
down as the heat is removed. In this way much of the 
evolved oxygen is lost in the process of changing the 
bottles used for collecting the gas, and if more oxygen 
is desired another charge must be made up. 

These considerations and the desire to furnish a new 
exercise for those students who were already familiar 
with this method led us to seek another reaction by 
which a student can conveniently prepare oxygen for 
use in the laboratory. 


If to a suspension and partial solution of calcium hy- 
pochlorite* in water there is added cobalt oxide (or any 
salt of cobalt, which the free base in the calcium hypo- 
chlorite solution converts to cobalt oxide) the calcium 
hypochlorite is catalytically decomposed with the rapid 
evolution of oxygen. The reactions may be represented 
as follows: 

Cott + 20H- = Co(OH); 
4Co(OH)2 + Ca(ClO), = 2Co.0; + CaCl + 4H,0 
Ca(C1O)2 + (Co,03) = CaCl, + O2 + (Co205) 


The detailed directions for the student are as follows: 


Use a generating flask with a thistle-tube and delivery tube 
similar to that used for the preparation of hydrogen from zinc 
and sulfuric acid. Add about 150 cc. of water and 10 cc. of a 
2% cobalt chloride solution. 

Prepare a suspension of calcium hypochlorite as follows. Place 
20 g. of bleaching powder in a beaker, add 100 cc. of water, and 
stir until no lumps remain. Heat the water in the generator to 
80-85° (almost to boiling) and pour through the thistle-tube 
20 cc. of the suspension of calcium hypochlorite. Discard the 
first 100 cc. or so of the evolved gas, for it is largely air, and then 
collect the amount of oxygen needed for further experiments. 

When the evolution of the gas slackens, add more of the calcium 
hypochlorite suspension in 10-cc. portions as needed, keeping the 
contents of the flask just below boiling. 


This provides an economical and convenient method 
of preparing oxygen. The speed of evolution of the 
oxygen can be governed by the temperature and the rate 
of addition of the calcium hypochlorite. The generator 
even after standing can be put into use immediately by 
the addition of more calcium hypochlorite and warming. 


THE PREPARATION OF CHLORINE 


In the preparation of chlorine a large majority of the 
manuals use the time-honored Combination of man- 
ganese dioxide and hydrochloric acid. A few use potas- 
sium permanganate in place of manganese dioxide. 
As in the traditional oxygen preparation, the materials 
are abundant and cheap and a simple oxidation-re- 
duction reaction is employed. 

The disadvantages are: 

(1) The reaction is often slow in starting. 

(2) The formation of water in the reaction'and the 
exhaustion of the hydrochloric acid dilutes any addi- 
tional HCl added. 

(3) It is difficult to impress upon the student the 
necessity of keeping the concentration of HCl high, 


* Calcium hypochlorite is sold under the trade name of HTH 
by the Mathieson Alkali Works, Inc., New York, or under the 
trade name of Perchloron by the Pennsylvania Salt Mfg. Co., 
Philadelphia, Pa. 
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and of keeping the temperature below boiling so as to 
minimize the distillation of the water from the flask 
into the bottle used for collecting the chlorine. 

Here again a method was sought that would obviate 
some of these disadvantages. Bleaching powder or 
calcium hypochlorite is substituted for manganese di- 
oxide as the oxidizing agent, and instead of adding 
HCI solution to the solid bleaching powder in the gener- 
ating flask, which gives a sudden and discontinuous 
stream of chlorine, a suspension of bleaching powder 
is added gradually to the hydrochloric acid. 


The directions to the student are as follows: 


To avoid a too-rapid evolution of chlorine the bleaching powder 
must be added to the concentrated HCl in small amounts. Fur- 
ther, the experiment should be carried out in a hood or with other 
arrangement for taking care of escaping chlorine. 

Arrange a generator as for the preparation of oxygen above 
except that the delivery tube should be arranged to collect the 
gas by displacement of air. Place in the flask 25 cc. of concen- 
trated HCI (sp. gr., 1.12). 

Place 15 g. of bleaching powder or calcium hypochlorite in a 
beaker, add 50 cc. of water, and stir until nolumps remain. Pour 
about 10 cc. of this suspension slowly through the thistle-tube, 
then as needed for the evolution of chlorine, add 5 cc. portions. 


JOURNAL OF CHEMICAL EpUCATION 


Collect the chlorine gas in bottles by displacement of air and use 
a perforated piece of cardboard to cover each bottle during collec- 
tion of the gas. 

Place a white paper behind the bottle as a background, and 
consider the bottle filled as soon as a greenish-yellow color ap- 
pears. Remove the bottle from the delivery tube, cover with a 
vaselined plate, and quickly replace with another bottle. 

If needed, more chlorine can be obtained from the generator 
by the addition of bleaching powder as before. 

When not collecting the gas in the bottles, place the end of the 
delivery tube in a test-tube of sodium hydroxide solution. 

To empty the flask, proceed as follows. Insert the delivery 
tube in the test-tube of sodium hydroxide solution and pour 
water through the thistle-tube until the flask is completely filled. 
This drives the chlorine into the absorbing solution. Remove the 
stopper and empty the flask into the sink. 


By this method the chlorine is evolved as rapidly as 
desired and in a practically continuous stream as long 
as fresh bleaching powder is added. The generation of 
the chlorine can be regulated at will by regulating the 
addition of the bleaching powder. As long as the acid 
lasts, additional amounts of chlorine are always avail- 
able by merely adding more bleaching powder. 

It is not necessary to heat the contents of the generat- 
ing flask, so water is not distilled over with the chlorine. 





MATHEMATICAL PROBLEM PAGE 


Directed by EDWARD L. HAENISCH 


Montana State College, Bozeman, Montana 


HIS is the first of a series of pages which are co- 
ordinated with the set of articles on quantum 
theory by Dr. Dushman. Brief notes on some 
of the mathematical principles will be presented, fol- 
lowed by problems which clarify and extend these 
principles. 
McLaurin’s theorem furnishes a convenient method 
for expanding a function, f(x), into a power series. 
The theorem states that: 


x2 


fle) =f) +£'0) +0) -F + £0) Ste. 
+f"(0) = +2. 
Here f’(0) is the first derivative, df(x)/dx, evaluated for 


x = 0, f’(0) is the second derivative evaluated for 
x =0,etc. Thus if: 
f(x) = sin x 
f'(x) = cos x 
f"(x) —sin x 
te) —cos x 


and the start of the series is: 


f(0) = sin0 = 0 
f'(0) =cos0 = 1 
f’(0) = —sin0 = 0 
f'"(0) = —cos0 = —1 


Sinz = SE 4... 

Complex numbers such as a + 7b, where 7 = J/ ~1, 
obey all the ordinary rules of algebra, namely, they 
are commutative, distributive, and associative. The 
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FiGurE 1 


modulus of a + ib is defined as Va? + 6 and the argu- 
ment or amplitude, 0 as@ = tan-!b/a. (6 is the angle 
whose tangent is b/a.) These last two relationships 
become clearer if the complex number is visualized as 
a directed line segment in a plane in which the real 
part of the number, a, is plotted along the x axis and 


the imaginary part, 7b, along the y or ‘‘2’’ axis. 
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FIGURE 2 


The conjugate complex of a + zbisa — 7b. Similarly 
the conjugate complex of e*t* is e*-‘* | Two complex 
numbers are conjugate if their real parts are the same 
and the coefficients of 7 are numerically equal but op- 
posite in sign. 

REFERENCES 

DANIELS: 201+. 

MELLOR: 280-6, 396-403. 


PROBLEMS 


. Expand e* and e~** by means of McLaurin’s theorem 
and compare the results with values for e“’ and e~‘ 
given between equations 13 and 14. 

2. Expand sin x and cos x with the aid of McLaurin’s 
theorem. Compare the series for cos x with the sum 
of the series for e* and e~‘* and show that e’* + e~* 
= 2cosx. Similarly show that e* — e~* = 2i sin 
a.* 

From these show that: 
e* = cos x +7 sin x 
e-* = cosx —3sinx 
(Compare with equations 14, 15, 16, p. 276; 49, p. 282.) 

3. Considering f(x) as the complex conjugate of f(x), 
find values for f(x)-f(x) in the following cases. (Give 
answer both in trigonometric and exponential form.) 
(a) f(x) = (e* + e-#) 

(b) f(x) = 4 + @ (Compare with equation 18, p. 276.) 
(c) f(x) 2A cos a xe—2nivt 
(d) f(x) 2Ai sin a xe—2xivt (Compare with equation 49.) 

. Show by differentiation and substitution that the 

following are all solutions of d’x/dt? + w*x = 0. 


Ceiwt + De—iwt 
A cos wt + B sin wt 
N sin (wt + 4) 


* The hyperbolic functions are defined by ee equations. 
Thus: 
sinh x = 1/,(e7 — e-*) 
cosh x = !/2(e* + e-*) 
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Compare equations 9a, 13, 17, 19, pp. 275-6 (notice 
that each solution contains two arbitrary constants). 


. Show that the equation in operational symbols: 


(D — aD — By = 
is the same as d*y/dx? — (a + B)dy/dx + aBy = 
(Caution: The symbol D is not commutative.) 


. Show that if d*y/dxt — m4y = 0 y = cq cosmx+ 


C2 sin mx + c3 cosh mx + cy, sinh mx. 
(Hint: Follow the methods used in obtaining equa- 
tions 17, p. 276, and 25, p. 277.) 


SOLUTIONS TO PROBLEMS IN MAY ISSUE 


. (a) f(x) = 9x? — 18x — 27 = 9O(x? — 2x — 3) 


= 9x + 1)(x — 3) 

4.6. f'(x) = Oforx = —1,x = +3 

f'(x) = 18% — 18 

forx = —1,f"(x) = —36 «x = —lis a maximum. 

forx = +3, f"(x) = +36 «x = +3 is a minimum. 
(b) f(x) = 15x4 — 375x? + 2160 = 15(x* — 25x? + 145) 

= 15(x? — 16)(x? — 9) 

t.¢., f(x) = Oforx = +4,x% = +9 
f(x) = 60x? — 750x 
Using this it can be shown that x = —4 and 3 are maxima 
and x = 4and —3 are minima. 
d(d)/dt = da + 2bt + 3ct?) 
= dy X 10-%4.2 XK 10-3? — 1.306¢ + 5.3) 
The use of the “formula” to solve this quadratic gives 
t= 4,1, 
For ¢ = 4,13, d%(d)/dt?[ = — m 6ct)] is negative. 

. dis a maximum when ¢ = 
y’ 3x? — 18x + 24 = 3(x? — a” + 8) 

3(x% — 4)(x — 2) 

- y' = Oate = +4,% = +2 
y” = 6x — 18, and y” = Oforx = 3 
y" is positive forx = +4 and .. x = 4is a minimum. 
y” is negative for x = +2and .. x = 2is a maximum. 


Thus: 
% Oy Remarks Direction of curve 
aa Z iat {concave down 
ll —- pt. of infl. 
9 O 
29 


du/dt = d*x/di? = k(a — 2x). This is 0 for x = a/2. 
d'x/dt? = —2k, “. x = a/2 is a maximum. 


dp_ -RT , 2%dp_ -1 _(2aV — b)? 
dv (V—b)?' Vidv (V— et ys ) 


If T is large enough, dp/dv wilt always be negative and 
we will have a curve (hyperbola) whose slope is always 
negative. This corresponds to any of the isotherms above 
the critical temperature. When V is small then (V — 3)? 
is also small and dp/dv is negative. When V = 3, 
(V — b)?/V? = 0. 2a(V — 5b)?/V* has its maximum 
value of 2%a/3%b when V = 30, and gradually approaches 
0 when V becomes very great. If RT > 2%a/3%b then 
V will increase as p decreases, 7. e., dp/dv is negative. 
When RT < 2%a/3%b, p will decrease for small and large 
values of V but it will increase in the neighborhood of 
V = 3b. Consequently, p has a maximum or minimum 
value for any value of V which makes 2a(V — b)?/V? = 
RT. (See MELLor: p. 173.) 

dy/dx = —2h*x-ke—***? 

d*y/dx? = 4h4x?-ke—"?x? — Qh2-ke—h?x? 

= 2h?-ke—*’**(2x2h? — 1) 

or d*y/dx? = 0 when x = V1/2/h. 


min. concave up 
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KEEPING UP WITH CHEMISTRY 


Refining the salt of the earth. J. A. Lez. Chem. & Met. 
Eng., 42, 124-7 (Mar., 1935) .—Salt produced from mines, wells, 
and ponds in this country in 1933 amounted to 7,604, 972 short 
tons valued at $22,315,086. While there are almost un- 
limited variety and number of uses for salt, 46% of the total 
output is used in the manufacture of heavy chemicals such as 
soda ash and caustic soda. In handling and processing salt, 
corrosion-resistant equipment must be used. This is accom- 
plished by the use of cast iron, steel, nickel-copper alloy, copper, 
and maple and white pine woods. 

At the Silver Springs, New York, plant of the Worcester Salt 
Company, the brine from the wells is first treated with lime- 
water to precipitate the iron and carry down some calcium sulfate. 
The excess calcium is then removed as carbonate by addition of 
sodaash. This in turn carries with it more of the calcium sulfate. 
The salt is then removed from the clear solution by vacuum pans 
or grainers. 

“Free running” salt is made by adding one per cent. by weight 
of tricalcium phosphate. To produce the “iodized” salt a tri- 
calcium phosphate containing potassium iodide is used so that 
the final product has 0.02% potassium iodide. J. W. H. 

Refining motor oils by the alchlor process. A. M. Mc- 
AFEE. Chem. & Met. Eng., 42, 186-8 (Mar., 1935).—The ideal 
motor oil would be one which cannot be oxidized, one which 
leaves no carbon on volatilizing, and one which has the same 
viscosity at all operating temperatures. 

Crude petroleum when heated with anhydrous aluminum 
chloride undergoes profound internal changes. There is a re- 
arrangement of the various hydrocarbons and removal of un- 
stable bodies. Lower boiling hydrocarbons are produced, 
leaving a residue of oil free of asphaltic and resinous constituents. 
Both conversion and refining take place. 

Lubricating oils refined with aluminum chloride closely ap- 
proach the qualities of the ideal motor oil. J. W. H. 

New process converts waste ferrous sulfate to sulfuric acid. 
S.F.SpANGLER. Chem. & Met. Eng., 42, 139-41 (Mar., 1935).— 
The use of sulfuric acid for the pickling of steel produces a by- 
product, ferrous sulfate, which is not marketable in any quantity 
approaching the amount normally produced. This is in the 
form of a dilute solution containing free acid. The common 
practice has been to discharge the pickling liquor as waste into 
any convenient stream or body of water. 

The latest method for disposing of this waste has three stages: 
(1) neutralization and evaporation of the sulfate solution in a 
rotary drier, employing iron oxide for the neutralization of the 
free acid and producing an almost anhydrous iron sulfate; (2) 
decomposition of the anhydrous iron sulfate in a rotary roaster, 
producing sulfur dioxide for use in a contact acid plant, plus iron 
oxide cinder which can be used in the first step; (3) conversion of 
the sulfur dioxide into sulfuric acid of the desired strength. 


Fermentation as a factor in producing organic acids for chemi- 


cal industry. H.T. Herrick anp O. E. May. Chem. & Met. 
Eng., 42, 142-3 (Mar., 1935).—Organic acids to supplement 
natural sources are produced industrially either biochemically by 
action of microédrganisms, or by some of the well-known applica- 
tions of chemical synthesis. 

Much citric acid is made from fruit but the most important 
process for its manufacture at present utilizes the action of molds 
on sucrose solutions. 

It is not believed that the manufacture of tartaric acid from 
argol will ever have to face competition from biochemical 
methods, although German patents describe such a method. 

Biochemical and synthetic methods for acetic acid are compet- 
ing with wood distillation acetic acid. The synthetic process is 
outdistancing the biochemical. 


Recently a process utilizing crude whey from the dairy industry 
has made itself an important factor as a source of lactic acid. 

Gluconic acid may be made by: (1) oxidation of glucose; 
(2) electrolysis of a sugar solution containing a bromide; (3) 
action of molds on dextrose solutions. Each process has its 
advantages and the one winning out will depend on industrial 
uses developed for this acid. 

Formic, malic, fumaric, oxalic, succinic, butyric, propionic, 
and gallic acids may be made either chemically or by fermenta- 
tion. The first six are at present prepared industrially chiefly by 
chemical means. J. W. H. 

Absorption and distribution of mercury in the organism. A. 
Stock ANDF.Cuce.. Z.angew. Chem.,47, 801-6 (Dec. 8, 1934).— 
Traces of mercury occur in water and i in ‘the bodies of all plants 
and animals. The authors determined the amount of mercury 
in various parts of the body of an ordinary guinea pig. The 
paper records the results of the authors’ animal experiments in 
which they studied the absorption of mercury through the 
respiratory system, the elimination from the body of the mercury 
absorbed through the respiratory system, and the absorption of 
mercury through the digestive system. L. S. 

The vanadium steels. H. Houcarpy. Chem.-Zig., 58, 
1037-9 (Dec. 28, 1934).—A review of the influence of vanadium 
on the properties of carbon steels and of the use of vanadium 
steels as a building and construction material. L. S. 

The production of chemical raw materials from wood tar. 
H.Scuuiz. Chem.-Zig., 59, 1138-4 (Feb. 6, 1935).—A —, 

L 


The extraction of copper from its ores. W. S. GRIFFITHS. 
Sch. Sci. Rev., 16, 8308-21 (Mar., 1935).—Griffiths discusses the 
sources of copper ore, and the concentration, classification, and 
other preliminary treatment of ores. Roasting and the produc- 
tion of matte by reverberatory furnace and blast furnace smelting 
are described, as well as the conversion of matte to blister copper. 
Both fire and electrolytic refining are discussed. There is a brief 
outline of wet extraction processes. O. R. 

The alkali industry—ID. Electrolytic alkali. S. I. Levy. 
Sch. Sct. Rev., 16, 322-7 (Mar., 1935).—Mention is made of cells 
without diaphragms employed for the production of hypochlorite, 
chlorate, or perchlorate. Diaphragm cells for the production of 
alkali are discussed in more detail, including the Griesheim, Gibbs, 
mercury, and Hargreaves Bird cells.. Concentration of the 
alkaline solutions and eventual recovery of the alkali are de- 
scribed. O. R. 

Rubber’s relations. ANon. Ind. Bull. Arthur D. Litile, 
Inc., 99 (Mar., 1935).—Rubber has done much to enrich our 
civilization through its unique properties. Scientists have 
struggled hard to understand these properties. The ordinary 
sulfur-treated ‘‘vulcanized” rubber is familiar to every one; but 
not so familiar are the products of the various chlorinated, hydro- 
chlorinated, isomerized, or other modified rubbers. Among the 
new derivatives is the ‘‘plio” series of the Goodyear Tire and Rub- 
ber Company, who have just recently added ‘‘Plioweld.” This 
material is intended to function as a bonding agent between 
tank walls and corrosion-resistant rubber linings. The makers 
claim that the material is soluble in a non-toxic solvent; effec- 
tively seals in most corrosive liquids, hot or cold; will not oxidize 
or slough off; will not crack or buckle under alternate drying and 
wetting; and may be adapted to individual needs by varying the 
formula. G. O. 

Problems of color photography. voN HoLLELEBEN. Chem.- 
Ztg., 59, 134-8 (Feb. 16, 1935).—A discussion of direct and 
indirect processes covering the historical development, theories 
of the separation of light and the mixing of colors, — 
procedures, and additive procedure. Ss. 

The manufacture of lubricating oil, paraffin, and asphalt from 


296 








June, 1935 


German petroleum distillation residues. WippECKE. Z. angew. 
Chem., 48, 110-2 (Feb. 9, 1935).—A detailed description of the 
process accompanied by a schematic operating plan and numeri- 
cal data. LS 
Physico-chemical studies on the precipitation of calcium 
carbonate from water. R. StruMPER. Z. angew. Chem., 48, 
117-24 (Feb. 16, 1935).—The theoretical discussion deals with the 
system CO,-H,0O, the solubility of equilibrium of CaCO;, and the 
precipitation of CaCO;. Experiments were conducted on the 
decomposition of Ca(HCOs)2 solutions in a current of air with and 
without the presence of CaCO;, and on the effect of CaCO; and of 
other foreign substances. CaCO; will precipitate if the following 
conditions are fulfilled: (1) the content of free CO, must exceed 
the equilibrium value of the so-called ‘proper COs,” (2) the ion 
product [Ca++] X [CO;-—] must exceed the solubility product 
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[Ca++] X [CO;-~-] = K, (3) the supersaturation of the solution 
with respect to CaCO; must be broken up. Various powders 
may be added to initiate and hasten the precipitation of —— 
from supersaturated solutions. L. S. 
Activated alumina. C. Harpy. Chem. Industries, 36, 324 
(1935).—Activated alumina is an aluminous material chemically 
classified as a partially dehydrated aluminum trihydrate, having 
a high porosity and a permanent physical structure. In the 
chemical field it finds its use in the complete removal of water 
vapor from gases and vapors; for the selective adsorption of 
certain gases, especially those of the higher boiling points, and 
as a catalyst or catalyst carrier. A great many installations 
recently have been made to dry hydrogen, to recondition trans- 
former oils, to produce water-free coal-tar derivatives, such as 
benzol, pyridine, etc., and to produce absolute alcohol. O. R. 


SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES, TABULATIONS OF SCIENTIFIC DATA 


The origin of optical asymmetry. F.Rost. Z.angew. Chem., 


73-5 (Jan. 26, 1935).—A review of the theory of natural 
optical activation and of catalytic optical activation, 28 refer- 


ee 
Chem.-Zig., 59, 66-8 (Jan, 19, 


ences. 

Mesothorium. P.M. WoLrF. 
1935).—A review. 

Colloidal chemistry, homeopathy and medicine. A. KuuHN. 
Chem.-Ztg., 59, 85-6 (Jan. 26, 1935) and 106-8 (Feb. 2, a 
A review. 

The importance and current state of corrosion oo... ow. 
WIEDERHOLT. Chem.-Zig., 59, 25-8 (Jan. 5, 1935).—A review. 

L. 


a 
New artificial products. G. KRANzLEIN. Chem. es ee 3 
33-4 (Jan. 9, 19385)—A review. L. §. 
New methods of refining edible oils. C. H. KEUTGEN. 
Chem.-Ztg., 59, 34-7 (Jan. 9, 1935).—A review. L. S. 
Molecular rays. M.v. Laus. Chem.- -Ztg., 59, 87-8 (Jan. 26, 
1935).—A historical review and description of the measurement 
of thermic velocities, detection of Bohr’s magneton, and deter- 
mination of the de Broglie wave length. L. S. 


The vanadium steels. See this title under ‘Keeping Up with 
Chemistry.” 

The production of chemical raw materials from wood tar. 
See this title under ‘Keeping Up with Chemistry.” 

The conversion of acetaldehyde into acetic acid. H. THom- 
MEN. Chem.-Ztg., 59, 1383-5 (Feb. 13, 1935).—A review of the 
industrial processes dealing with the conversion of acetaldehyde 
into acetic acid and the uses and distillation of crude acetic acid. 
15 references are listed. L. S. 

The electrolysis of aqueous solutions. S. GLasstone. Sch. 
Sci. Rev., 16, 328-41 (Mar., 1935).—A logical, elementary, yet 
quantitative, presentation of a field of subject matter which 
often gives the student trouble. Electrode potentials, over- 
voltages, and decomposition voltages are discussed. The ques- 
tion of secondary reaction products is well handled and the essen- 
tial distinction between ions carrying the current and those 
actually discharged at the electrodes is emphasized. This article 
is well worth the cost of a number of The School Science Review 
or of a photostat copy to any teacher of general chemistry. 

O. 


THE PHILOSOPHY OF EDUCATION 


Science in secondary education. W. H. Fyre. Sch. Sci. 
Rev., 16, 289-97 (March, 1935).—The “grand, old, fortifying’’ 
classical curriculum had merits. Centuries of use had evolved a 
valuable technic for its teachers. It developed a sense of nicety 
in language and of esthetic appreciation. It provided for the 
young mind problems that had permanent interest disentangled 
from contemporary passion. The acquaintance with Plato which 
it developed at least encouraged a tendency toward idealism. 
Its more obvious defects were that it awakened no curiosity to- 
ward natural phenomena or mechanical processes, and left the 
classical scholar blind and deaf to many objects and topics of 
prime interest in the world around him. 

The introduction of science into the curriculum of secondary 
education seemed to open a path of fascinating adventure, which 
would lead through romance to accurate precision and through 
both to fertile generalization. Fyfe believes we have been dis- 
appointed because we have misused one of the finest instruments 
of liberal education. 

The call for science teaching came first from leaders in educa- 
tion and in science—men like Priestley, Charles Kingsley, Huxley, 
Spencer, Matthew Arnold, Sir John Gorst. They blazed the trail 
of reform, but it was not broadened into a highway until the 
demands of the so-called ‘‘practical men” became clamorous. 
The effective demand came not from people with a disinterested 
knowledge of education, but from men who had other ends in 
view, from manufacturers eager for profit, from financiers with an 
eye on foreign markets, from parents anxious to see their children 
gainfully employed. 

“The results are what any unprejudiced observer might have 
foretold. Largely inspired by the false motive of producing 
factory-fodder, the teaching of science has been mainly factual. 
It has been unscientific, because it has deserted the scientific 
path of personal observation and experiment and substituted 
verbal information. Instead of bringing pupils into direct 
contact. with phenomena and allowing them to grow minds 
through the process of finding their own formule, they have been 
given general truths in books or lectures, meagerly illustrated by 
experiments which they have been allowed to watch or, less often, 
to perform. And even when they do perform the experiments 
themselves, the adventure of discovery, the vital element of 
original investigation, is denied them. That is why scientific 


education has lost its essential growth-factor. Its dominant 
motive has been not slow mental growth, but training for trade or 
industry. . 

“Tn the ‘past and, I am afraid, in the present too, a wrong atti- 
tude and a wrong method in the school-teaching of science have 
resulted in two serious educational defects. The mental result 
has been disappointing because the method of study has been 
mainly passive; the moral result has been disappointing be- 
cause the study has been dominated by a mean, ulterior motive. 
The active study of science which makes each lesson an adventure 
of discovery would restore to the curriculum the essential quali- 
ties of initiative and individual exertion, without which no school 
work is educational. It would also make for moral improvement. 
For mental integrity is not only a supreme intellectual quality. 
It is a moral quality as well, a moral quality which our examina- 
tion-ridden system of schooling does little to foster. Indeed, it 
even encourages the false and fatal belief that the aim of the 
process is to give the right answer, no matter how you may have 
obtained it. But the ‘how’ is of course the all-important thing. 
The active study of science is the best of all possible antidotes 
against the prejudice of mass suggestion and the lethargy of 
ready-made ideas. It breedsa healthy scepticism, a disinterested 
attitude of mind and an unrelenting passion for truth. Objective 
thinking is what we need in the mental and moral training of 
boys and girls. Our grubby politics, our foggy economics, the 
vulgarity of most newspapers, the washiness of much religion—all 
these social evils result from lack of that mental integrity which 
refuses to accept half-truths and authoritative formule and ‘what 
every right-thinking citizen believes,’ but insists rather on strict 
examination and the fullest possible measure of understand- 


Baz ' 
“The study of ‘the humanities’ gives sympathy, emotional re- 
finement and a sense of values, but on that diet alone pupils are 
apt to grow passionate and pale. They need also the astringent 
corrective of science. Without that they will not in the coming 
years perform the purpose for which our educational system 
should fit them. And that is to interpret human experience 
patiently and fearlessly in the light of sympathy and reason, to 
search and care for truth alone, and to submit to the criterion of 
personal experiment that sense of moral and spiritual values which 
only intuition can suggest.” Gok. 
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TOLLENS-ELSNER KURZES HANDBUCH DER KOHLENHYDRATE. 
Dr. Horst Elsner, Berlin. Fourth edition (completely revised), 
Johann Ambrosius Barth Verlag, Leipzig, 1935. xxii + 627 
pp. 10figs. 16 X 24cm. Paper, RM 39; bound, RM 41. 


The object of the fourth edition is to provide a reasonably 
priced handbook which treats briefly and concisely recent de- 
velopments in the field while still including the more important 
material of the earlier editions. 

The older work has been completely rewritten and so much 
material replaced by more recent data that the fourth edition 
takes on an entirely new appearance. The author stresses ex- 
perimental facts rather than theories, compounds rather than 
reactions, yet he treats many of the more important contempo- 
rary problems, giving in a few sentences a clear summary of the 
experimental facts and the resulting conclusions. Frequently 
the points to be stressed are numbered so that they become fixed 
in the reader’s mind and make the presentation exceptionally 
clear. When several methods are available for obtaining a given 
product the author indicates those which he considers the best. 
Irrelevant details are omitted and the related facts are well or- 
ganized. The author has skilfully dissected the available ma- 
terial and has selected that which is most valuable for use as a 
guide in carbohydrate chemistry. The style is simple so that 
the book can be read by a student who has only a limited knowl- 
edge of German. 

The first part of the book, comprising 100 pages, deals with 
stereoisomerism, ring-chain tautomerism, typical reactions, 
classification and general properties of the derivatives, en- 
zymes, optical properties, etc. In some instances the dis- 
cussion is perhaps too brief but this is compensated for by the 
large number of recent and pertinent references. The remainder 
of the book takes up in detail the various sugars, sugar anhy- 
drides, and polysaccharides. Approximately 316 pages (of 
which 108 relate to glucose) are devoted to the monosaccharides; 
21 to the sugar anhydrides; 95 to the polysaccharides containing 
less than six monosaccharide units; and 80 to the true polysac- 
charides. Generally, the following topics are considered: (a) 
occurrence, preparation, structure, chemical and_ biological 
properties of the free sugar, (b) pyranose derivatives, (c) furanose 
derivatives, (d) derivatives of the carbonyl forms, (e) substances 
of unknown structure, (f) oxidation and reduction products. 
In the various descriptions the majority of the known sugar de- 
rivatives are mentioned. The classification according to struc- 
ture brings together the data for the pyranose, furanose, and 
carbonyl forms and emphasizes recent developments in structural 
carbohydrate chemistry. The sugar alcohols and acids are not 
given in separate sections, as in the third edition, but are in- 
cluded under the respective sugars. In the reviewer’s opinion 
any curtailment of this subject in Tollens’ Handbuch is disad- 
vantageous because the prior edition particularly excels with re- 
spect to the sugar acids and their salts. 

The fourth edition should be of service to those engaged in 
carbohydrate research because it outlines recent progress, cites 
many important references, and contains a large amount of 
easily accessible data. It is suitable for instruction in advanced 
courses because it covers the field of carbohydrate chemistry 
briefly but fully and provides ample references for laboratory 
work and collateral reading. 


NATIONAL BUREAU OF STANDARDS 
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THIOKETONE, THIOACETALE UND AETHYLENSULFIDE. Dr. Alex- 
ander Schonberg, Professor in the Technischen Hochschule, 
Berlin. Verlag Von Ferdinand Enke, Stuttgart, 1933. 77 
pp. 16.5 X 25cm. 6.50 RM. 


This comprehensive short monograph is certainly a welcome 
addition to the long list of excellent monographs of the Ahrens’ 


Sammlung Chemischer und Chemisch-technischer Vortrage. 
The monograph is thoroughly up to date and splendidly or- 
ganized. The table of contents enables one to locate any desir- 
able information, in so far as it is available, with a minimum of 
effort. It is gratifying to note that the author of the monograph 
has seen fit to dwell at some length on the theoretical implications 
of the behavior of the thioketones, instead,of merely compiling 
the factual data. A general comparison of the behavior of the 
thio compounds with the corresponding oxygen compounds is 
given in some detail. The free use of structural formulas helps 
considerably the ease of assimilation of the author’s views and of 
the data. M. S. KHARASCH 


THE UNIVERSITY OF CHICAGO 
CuicaGo, ILLINOIS 


CHEMICAL KINETICS AND CHAIN Reactions. WN. Semenoff, 
Member of the Academy of Sciences, U.S.S.R. First edition, 
Oxford University Press at the Clarendon Press, New York 
City, 1935. xii + 480 pp. 148 figs. 15 X 23cm. $10.50. 


The subject of chemical kinetics at present appears to be 
passing through a period of classification and correlation, em- 
ploying collision theory, generalized acid-base catalysis, critical 
complexes, and acidity-rate relationships, among others, as 
guiding principles. To this group must now be welcomed the 
work of N. Semenoff in the complex field of chain reactions. 

The book first presents a clear and concise mathematical de- 
velopment of the theory of both non-branching and branching 
chain reactions. This portion of the work is marked by a clear- 
cut statement of the assumptions involved at each point in the 
derivations. Complicating factors which have been neglected 


in the preliminary steps are not put aside in that vast and so 
easily forgotten group of ‘‘subjects to be considered later in the 
book” but are actually discussed immediately following the 
simplified derivations, and their effect on the equations is indi- 
cated. Especially noteworthy is the conspicuous absence of the 
clause ‘‘it is obvious that” as a cover for a multitude of unstated 


and often questionable assumptions. It is indeed unfortunate 
that the derived equations have so limited an applicability in 
practice since so many of the parameters involved must be 
determined, at least for the present, by experiment. 

The major portion of the book constitutes a critical although 
over-extensive review of experimental results in this field, ‘‘more 
than half of the results reported . . . relat(ing) to the last four 
years.” Results in discord with the general chain theory are 
not neglected; the experimental facts are stated and then the 
mechanisms and theories offered in explanation are critically 
evaluated in the light of the facts. Wherever possible in the 
experimental review, the author has attempted to formulate the 
relationships sought in precise mathematical terms rather than 
in vague language. 

Among the photochemical and thermal reactions considered 
in detail may be mentioned Hydrogen-Chlorine; Hydrogen- 
Bromine; Oxidation of Phosphorus, Hydrogen, Carbon Mon- 
oxide, Hydrocarbons; Explosions and Decomposition of Chlo- 
rine Oxides, Nitroglycerine. It is interesting to note that ‘““The 
concept of chain mechanism can be applied... to those (re- 
actions) proceeding in the liquid phase,” the oxalate-iodide and 
the oxidation of sodium sulfite reactions being taken as examples. 

The author has set himself a much more difficult task than the 
mere critical correlation of existent data. It is his belief that 
“the kinetics of any chemical reaction is that of a chain mecha- 
nism, and that the particular cases, involving, for instance, re- 
actions with very short chains or those elementary reactions 
requiring but little energy of activation ... which can be inter- 
preted without recourse to chains, are rare.” To support this 
claim, the author sets up seven criteria for chain reactions: 
high quantum yield, pressure limits of ignition, wall effects, 
catalytic effects of traces of foreign substances, induction period, 
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high “collision number,’ and deviations from Arrhenius’ equa- 
tion. Then, in a well-constructed summary chapter, the forty-six 
reactions previously considered in the book are reéxamined on 
the basis of these criteria in so far as available evidence permits. 
The result certainly offers a powerful argument for the chain 
theory, at least for the reactions considered. 

The extension of the chain theory to all of chemical kinetics, 
however, appears questionable, and Semenoff, in contrast to 
some other authors in the field, has very wisely refrained from 
overreaching experimental fact in an effort to make the theory 
all-inclusive. 

It is regrettable that the high price quoted and due, perhaps, 
to the ponderous nature of the book, should be such as to exclude 
it from the libraries of many students. Despite its high cost and 
lack of an adequate subject index, the complete, critical, and 
clear-cut character of this book will doubtless make it a welcome 
companion of both research workers and students of chemical 
kinetics. JosEPH GREENSPAN 


COLUMBIA UNIVERS|TY 
New York City 


THE ELECTRONIC THEORY OF CHEMISTRY. Robert Fergus Hun- 
ter, D.Sc., Ph.D., A.R.C.S. With a foreword by C. K. Ingold. 
Longmans, Green & Co., New York City; Edward Arnold & 
Co., London, 1934. vii + 125 pp. 13.75 XK 21.5cm. $2.80. 


This admirable little book gives an excellent exposition of 
those portions of the electronic theory which are of especial 
interest to chemists, so far as this is possible in non-mathematical 
language. The attention is centered very largely on the applica- 
tion of the theory to the discussion of carbon compounds. 

In the first chapter the generally accepted electronic structure 
of atoms is given, with a table showing how each atom has a 
central positive nucleus surrounded by exactly the right number 
of negative electrons to balance it electrostatically. These 
electrons. are arranged in groups or shells, each inner group 
having the structure of the next preceding noble gas. The 
successive shells of the heavier atoms contain 2, 8, 18, and 32 
electrons but each noble gas has an external shell of 8 electrons 
which is not repeated in the following periods after the second 
period. The relation of X-ray and spectral lines to different 
energy levels and to the quanta of Planck and Einstein is very 
clearly described. 

The second chapter is on ‘‘Electrovalency and covalency.” 
Since both types of valency are due to electric forces, it would 
conduce to clarity if the term ionic valency could be used in 
place of electrovalency. Both Kossel and Lewis based their 
theories on the tendency of atoms to assume the electronic struc- 
ture of a noble gas. This is entirely satisfactory for the explana- 
tion of atomic ions but the great superiority of Lewis’ theory 
is that he assumed that two atoms may complete their shells of 
valence electrons by sharing a pair between them. The dis- 
covery that covalence electrons have spins in opposite directions 
has greatly increased the importance of Lewis’ electron pair. 

Hunter follows Sidgwick in calling a covalence for which one 
of the atoms furnishes both of the pair of electrons, a ‘‘coérdinate 
link”; e.g.,when ammonia unites with a hydrogen ion to form 
an ammonium ion. He states, however, that “the theory of the 
coérdinate link lacks the sound physical background which has 
been provided for normal covalency by wave mechanics.” 
Both he and Sidgwick have overlooked the fact that a covalence 
is the same when each atom furnishes a single electron as it is 
when the pair is furnished by one of the atoms. Water is the 
same when it is formed by burning hydrogen in air as it is when 
formed by the union of hydrogen and hydroxide ions. 

Hunter recognizes that an atom which receives from another 
atom the pair of electrons to form a covalence ‘“‘must acquire 
something of the nature of a negative charge, whilst a compensat- 
ing positive charge appears on the first atom.’’ This may be 
more clearly stated by saying that the ‘‘acceptor’’ increases its 
negative ionic charge by one unit and the donor increases its 
positive ionic charge by one. The positive hydrogen ion above 
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becomes electrically neutral and the nitrogen atom acquires a 
unit positive charge. 

The Werner inorganic complexes are discussed in a chapter on 
“Covalences higher than four.’’ Other chapters are given to 
“The physical properties of electrovalent, covalent and coérdi- 
nate covalent linkages,’’ ‘‘The parachor,’”’ ‘‘Aromatic substitu- 
tion,” ‘‘Side-chain reactivity,” ‘‘Tautomerism,” “Conjugation,” 
and ‘‘Triphenylmethyl.” 

No mention is made of the ionic reactions of covalent com- 
pounds, of compounds with odd electrons, and of the relation 
between complex and intramolecular ions and their shells of co- 
valent electrons. W. A. Noyes 


UNIVERSITY OF ILLINOIS 
URBANA, ILLINOIS 


ALCHEMY, CHILD OF GREEK PuiLosopuy. Arthur John Hopkins, 
Columbia University Press, New York City, 1934. ix + 262 
pp. 14 X 21.5cm. 20 charts and illustrations. $3.50. 


Where histories dealing with the beginnings of chemistry are 
concerned one is often inclined to agree with the person who 
remarked that most historians simply repeat what others before 
them wrote—opinions, mistakes, and all; but in the case of Dr. 
Hopkins’ book, even the most severe critic, whether or not he 
takes kindly to Dr. Hopkins’ views, will admit that practically 
every available source of information was consulted, and that the 
work represents a scholarly investigation. 

Alchemy, according to the author, began in Alexandria in the 
early centuries of the Christian era; here in the “melting pot”’ 
of the Mediterranean we find the arts and crafts well developed; 
metals, dyes, and fabrics are in common use, and the imitative 
arts were naturally cultivated for the purpose of reducing the 
price of costly articles. Improving the colors of metals by fusing 
them with other metals became an experimental art, with the 
result that many unexpected and surprising effects were produced. 
The Alexandrian alchemists were steeped in prevalent ideas of the 
nature of matter, particularly those of Plato and Aristotle. 
These, with the other influences that infiltrated from the Near 
East, slowly gave rise to a theory in which metals have a common 
element, and specific metals owe their individuality to ‘‘distinc- 
tive differences” in fusibility, color, etc. Inasmuch as everything 
“tends to change towards perfection,’’ it is not unreasonable to 
expect that a particular metal may be aided by several processes 
and heatings to change color and approach or attain that of 
gold which is perfection. In that sense, then, the early alchem- 
ists were successful in their transmutations; moreover, by apply- 
ing these old theories to the metals they offered application for 
the principles of the accepted philosophies and religions. 

The various fragments of literature from the Alexandrian 
school of alchemy are discussed in successive chapters, and 
methods of transmutation are reconstructed and explained. 
The transition of Alexandrian alchemy is traced through a period 
of decline to Persia, Syria, and the Mohammedan world; here 
it received a new impetus and emerged;in the western world as 
the “pseudo alchemy”’ of the middle ages. In the confusion of 
repeated transition it fell into the hands of charlatans and dupes 
who became enmeshed in a maze of meaningless glamorous 
words and an endless search for the miraculous ‘‘stone,”’ ‘‘elixir,’’ 
‘fountain,’ and myriad other non-existent chimeras of the 
human imagination. Sadly enough, most of the historians have 
picked this period for the beginning of alchemy. It is this that 
distinguishes Dr. Hopkins’ book from the host of others. In 
the last chapters the author takes up the phlogiston theory as 
the twilight of alchemy. ‘Like a comet in a darkening sky, it 
burst forth, bringing light and hope to the chemical world—to 
fall again, as suddenly, after three quarters of a century, into 
oblivion.” 

An extensive bibliography is given, on the whole complete; 
there is however one omission; no mention is made of Dr. M. 
Stephanides’ work ‘‘Contributions to the History of Physical 
Sciences and Particularly of Chemistry,” Athens, 1914. That 
the book has not been translated accounts for the inadvertency; 
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it is, however, of interest to note that Dr. Stephanides’ views 
are quite in accord with those of Dr. Hopkins, save that he 
places the beginning of alchemy in the Egyptian temples several 
centuries before the founding of the Alexandrian school, and 
evidence to support such theory is given. 

Dr. Hopkins’ book is written in an easy, readable style, not- 
withstanding the accumulation of the material from such an 
enormous number of sources which makes arrangement ex- 
tremely difficult. It should appeal not only to those for whom 
the history of chemistry is of special concern, but also to all 
who have an interest in the development of thought. 

NicHOLAS D. CHERONIS 
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COMPREHENSIVE UNITS IN CHEMISTRY with Experiments, 
References, Workbook Exercises and a Testing Program. 
F. F. Carpenter and R. H. Carleton, instructors at Roosevelt 
High School, Dayton, Ohio. J. B. Lippincott Company, 
Chicago, 1935. xvi + 420 pp. (detachable) + 24 pp. of tests 
bound separately. 73 figs. 19.5 X 27.2cm. $1.20 postpaid. 


The authors claim the following advantages for this omnibus 
volume: 1. Meets the need for economy; 2. Is effective in 
handling large classes; 3. Recognizes individual differences; 4. 
Overcomes distaste for old style textbook study. The book has 
been tried out in mimeograph form. It meets the requirements 
of standard curricula. The book is based upon the Morrison 


unit-problem plan of organization. 
A typical unit includes: 1. Questions for review and recall; 


2. Viewing the whole unit; 3. Unit problems to be solved; 4. 
Solving the unit problems, (a) Introduction to the problem, (0) 
Experiments, (c) Demonstrations, (d) Textbook references, (e) 
Exercises, (f) Summary; 5. Material for enrichment, (a) Op- 
tional demonstrations, (b) General references, (c) Projects and 
reports, (d) Field trips, (e) Visual aids; 6. Vocabulary, summary 
questions, self-testing exercises; 7. Mastery tests; 8. Remedial 


work and re-test. : 
The units are as follows: 1. The point of view of the chemist; 


2. The nature of matter; 3. Solutions and near solutions; 4. 
Chemical action in solution; 5. The chemistry of electrolytes; 
6. Chemical equations and calculations; 7. Sulfur and its com- 
pounds; 8. The halogens and the periodic law; 9. The nitrogen 
family; 10. Mineralogy and chemistry; 11. Metallurgy and 
chemistry; 12. Organic chemistry. 

This book contains 80 valuable drill exercises, 51 laboratory 
exercises, 30 demonstrations, and references which adapt its use 
to any of ten popular high-school texts. A well-selected set of 
references to the JOURNAL OF CHEMICAL EDUCATION is included 
with each unit. The questions include the completion, multiple- 
choice, and matching type. Limited opportunity is given for 
pupils to express themselves in complete sentences. Being based 
on textbooks now used, the ionization theory is according to 
Arrhenius, plus the addition of the electron transfer idea. The 
electrolysis of water is based on the discharge of the SOQ,~~ ion. 
The hydrolysis of NazCO; is simplified to avoid introducing the 
HCO;~ ion. Types of chemical reactions include the traditional 
double displacement. 

The introductions to the units are interesting and arouse curi- 
osity. The laboratory experiments will fit any standard college- 
preparatory course. A warning about avoiding any reverse flow 
of gas in the train on p. 237 could be included as a safety precau- 
tion. The emphasis on mineralogy will have an appeal to a 
limited few in any class. The inclusion of a brief introduction 
to elementary crystallography coincides with the prophecy found 
in the chapter on Crystallography in the 1933 Annual Reports 
of the London Scientific Society. 

The number of errors which have crept into this 21/, pound 
volume is surprisingly low. P. 3 gives an incorrect equivalent 
for a liter. On pp. 10 and 34 the statement, ‘‘l part of hydrogen 
and 15.88 parts of oxygen combine to form hydrogen peroxide”’ 
is open to question. P. 90 contains some confused wording about 
testing for iodine. One would suggest a connection between 


atmospheric nitrogen and ammonia in the nitrogen cycle diagram 
on p. 271. 

The authors have caught the spirit of idealism. ‘Today we 
look to the chemists in our universities and industries for leader- 
ship in the quest for a life rich in its opportunities for service, 
and promising health, happiness, and prosperity in return.” 

ELBERT C. WEAVER 


BuLKELEY HicH ScHOOL 
HartTForp, Conn. 


Dre HomMo6poLtaRE BINDUNG. EINE ALLGEMEIN ANWENDBARE 
ELEKTRONENTHEORIE DER VALENZ. Dr. Georg Hahn, Johann 
Wolfgang Goethe-Universitét, Frankfort am Main. Wilhelm 
Isensee, Frankfurt am Main, Germany, 1934. viii + 96 pp. 
19 tables. 15 X 22cm. 2.50 RM. 


This booklet is addressed to the organic chemist who is in- 
terested in valence theory. The hesitancy of German chemists 
to concern themselves with electronic theories of valence until 
recently was due largely to the arbitrary use and the insecure 
physical basis of the concepts, the author states. Now that the 
electron-pair bond of G. N. Lewis has been sufficiently justified 
by the wave mechanics researches of Heitler and London (1927- 
1929), this idea may be made the basis of a simple and general 
theory to account for the reactivity of organic compounds. 

The fundamental physical postulates are: 

1. Bound electron pairs are localized with respect to their 
vibrations by two adjacent positive fields. Both spin and orbital 
momentums are opposed. 

2. Unbound electron pairs are in only one positive field, 
that of the atom kernel to which they belong, and are free to 
move about within their energy level. They are opposed in 
spin but not in orbital momentum. 

8. Single electrons are unbound also. They give the atom or 
group the character of a radical and are more free to move than 
the unbound pairs. Neither their spins nor their orbital mo- 
mentums are opposed. 

Deformation of the electron shell of a carbon atom may be 
produced by a number of causes, whereupon it follows that one 
portion of the kernel becomes relatively negative and another 
positive. In consequence, the atom acts as an electron donor 
when a valence bond is established at the negative portion and 
as an electron acceptor when it occurs at the positive portion. 

The general criterion for determining the donor or acceptor 
character of other elements is the ionization potential, the ele- 
ments at the left of the first short period being donors and those 
at the right, acceptors, if their fields are undeformed. However, 
the latter (N, O, F) because of their free-moving unbound 
electron pairs, may act as donors to deformed carbon atoms. 
Hydrogen is an acceptor toward elements of Groups I and II 
and a donor toward carbon and the elements of Groups V, VI, 
and VII. 

On the basis of these conceptions the author proceeds with 
considerable success to explain the behavior of twenty-four types 
of structure or reactions among organic compounds, including 
unsaturated groups and the conjugate system, the benzene 
ring, ammonium salt formation, the Beckmann rearrangement, 
oxonium salt formation, ethers, acids, halides, etc. In general 
the treatment differs from that developed previously by Sidgwick 
in emphasis and terminology more than in substance. Hahn 
has little or nothing to say of dipole moments, polar molecules, 
or codrdination, while he stresses kernel deformation and the 
donor-acceptor relationship. His exposition is a refined and 
extended electronic interpretation of the earlier ideas of Fliir- 
scheim. 

The author’s explanation of the apparent tetravalence of boron 
in diborane involves the withdrawal of a K-shell electron into the 
L-shell. This occurrence seems improbable, however, because 
of the large amount of energy that would be required. 

E. A. WILDMAN 
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AN ALLEGED PORTRAIT 


The Geber treatises in Latin are evidently not translations but 
are paraphrases orfsummaries of material from Arabic sources, 
probably from the writings of Jabir ibn Hayyan of Kufa whose 
authentic works show that he was acquainted with practically all 
of the facts which are’ reported in the Latin treatises. Jabir ibn 
Hayyan (about 721-817) discovered nitric acid; he was ac- 
quainted with sulfuric acid, alum, iron and copper sulfates, sal 
ammoniac, compounds of arsenic and mercury, and a great va- 


OF THE ARAB, GEBER 


riety of salts, and he knew how to concentrate the acid of vinegar 
by distillation. He propagated the Sulfur-Mercury doctrine of 
the nature of the metals. Fle was an ingenious experimenter and 
a strong advocate of the experimental method. The works of 
Geber in Latin were among the first books on chemistry to ap- 
pear in print, and properly so, for no other works of the time con- 
tained so wide and so accurate a collection of chemical informa- 
tion. (Contributed by Tenney L. Davis.) 
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EDITOR’S OUTLOOK 











UZZLES. Teachers often deplore, and with good reason, 
Pp the apparent inability of students to cope successfully 

with relatively simple problems. The student might plead 
in extenuation that most classroom problems are neither very in- 
teresting nor very interestingly presented. The teacher, on the 
other hand, is convinced that the average student displays little 
ability to analyze a problem and practically no ingenuity in find- 
ing a handle by which he can lay hold of it. 

We do not wish to be numbered among those who feel that 
classrooms should be perpetually filled with merry laughter, or 
that all medicines should be made palatable even at the expense 
of omitting the active ingredients. On the other hand we have 
never felt any moral aversion to, nor entertained any intellectual 
suspicions of, methods of instruction solely for the reason that 
teacher and student might find them mutually enjoyable. 

Therefore we venture the suggestion that an interesting ap- 
proach to a better understanding of the technic of problem-solving 
may be made through the humble puzzle. Many simple puzzles, 
it is true, may be solved by the method of trial and error, or even 
by a flash of intuitive insight; such puzzles are not suitable for 
the purpose suggested. The better and more complicated puz- 
zles, however, cannot be solved in this fashion. 

A carefully prepared classroom session on puzzles should prove 
instructive to both teacher and student. Through comparison 
of a good puzzle with the average classroom problem the teacher 
will inevitably become acutely conscious of some of the commoner 
defects of the latter. Through introspective examination of his 
own mental processes in solving a puzzle, supplemented by the 
teacher’s analytical remarks, the student can be led to see that 
there are certain generalized ways of attacking problems; that 
sometimes one way will prove applicable when another does not; 
that sometimes there is more than one satisfactory approach to a 
given problem. He can also be shown that common sense is an 
asset to be cultivated, that one must guard against the hazard 
of self-imposed restrictions not actually inherent in the problem, 
that apparently meager data may sometimes be expanded by 
logic into a wealth of fact, and that a good stock of general in- 
formation and experience often furnishes associative ideas which 
are very helpful. 

A puzzle of the logical type, attributed to Professor Einstein, 
illustrates excellently one general method of attack upon a prob- 
lem. The puzzle begins by stating that there exists a group of 
human beings who have two pecularities in common: (1) any 
of them who sees another with a dirty face immediately bursts in- 
to uncontrollable laughter; (2) any of them who discovers his 
own face to be dirty immediately suspends all his other affairs 
and rushes to wash. Three dirty-faced members of this peculiar 
group simultaneously entered a mirrorless and otherwise unin- 
habited room by separate entrances. All simultaneously burst 
into laughter. After a few moments of general mirth the quick- 
est witted of the three dashed out to wash his face. How did he 
conclude by a logical prccess that the other two were laughing 
at him as well as at each other? 

In the solution we have a simple case of the reduction of possi- 
bilities to alternatives, followed by an examination of the logical 
consequences of each alternative. 

Another possible method of attack is illustrated by a puzzle 
which recently appeared in the pages of our esteemed contem- 
porary, Judge. This puzzle is solvable by trial and error, but not 





very readily. The requirement is that nine dots be arranged ina 
plane in such a fashion that they form ten, straight rows of three 
dots each. 

A natural method of procedure is to choose a point of departure, 
or first approximation, which we recognize as unsatisfactory, but 
which we hope will suggest the modifications necessary to arrive 
atasolution. A natural choice in this case is the arrangement of 
the dots at the corners, the center, and the midpoints of the sides. 
of a square. This yields only eight rows instead of the required 
ten. In view of the necessary requirement that a total of thirty 
points be represented by nine independent dots, the multiplicity 
of a dot becomes a matter of significance. Our first approxima- 
tion contains one quadruple dot, four triple dots, and four double 
dots. We now note that the diagonal lines seem to be especially 
fruitful in the multiplicity of their dots. It might be desirable to. 
introduce more diagonals. The diagram suggests an analogy 
with such crystal-plane diagrams as the one to be found on p. 477 
of the first edition of Richtmyer’s “Introduction to Modern 
Physics.”” Such diagrams in turn show that a crystal of consider- 
able extent contains more planes (represented by diagonals) 
than are obvious from contemplation of the diagram for a unit 
cell. It would be desirable to multiply our “unit cell.”’ But 
how can this be done without exceeding the permitted number of 
dots? Military experience immediately suggests the idea of the 
skeleton squad. Perhaps we can set up two skeletonized squares 
with a common side. And behold the solution! 

This, of course, is not the only possible way of arriving at the 
solution. It is interesting to compare different trains of thought 
followed in solving this puzzle. The solution we have outlined 
in detail is of the common-sense, rather than the rigorously logical, 
type. However it illustrates the method of attack by first ap- 
proximation, and the utility of associations of ideas suggested 
by past experience. 

One more puzzle (not a very good one, it is true) illustrates 
pointedly the mental hazard represented by the gratuitously self- 
imposed restriction. Six coins are arranged in the shape of a let- 
ter L. Four coins constitute the longer member of the letter; 
three coins, the shorter member (one coin being common to both). 
It is required that, by the movement of one coin only, two rows of 
four coins each be produced. All the coins must be present in 
the proper arrangement. 

The mathematical mind is inclined to reduce this puzzle im- 
mediately to a problem in plane geometry, expressed in terms 
of points and lines. However, it would then be necessary that 
two intersecting lines possess two points in common, which is 
impossible. The mathematician sometimes encounters con- 
siderable psychological difficulty in accepting the conclusion 
that, since a puzzle without a solution is an absurdity, this puzzle 
cannot be a problem in plane geometry. Once that conclusion 
is accepted, the solution is obvious. 

Any puzzle fan, or any teacher sufficiently interested to do a 
little puzzle research, can accumulate a selection of puzzles illus- 
trative of problem-solving methods and of pitfalls to be avoided. 

It may be argued that the mental processes thus illustrated are 
of only limited utility in working classroom exercises. Neverthe- 
less, they are of great utility in solving scientific problems in the 
broader sense, or in confronting situations in everyday life. 
Perhaps there is something wrong with most classroom 
exercises. 
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Editor’s note—T he following paper is one of a series of 
Sunday radio talks sponsored by the Buffalo Courier- 
Express and correlated with a page of illustrations in its 
Sunday rotogravure section. The pictures reproduced 
herewith are, for the most, those which the Courier-Express 
presented to its readers. 


O SCIENCE has had a more natural beginning, 

a more picturesque youth, and a more useful 

middle age than chemistry. And an ordinary 
imagination is quite inadequate to picture its future—a 
period which we cannot designate as old age, or declin- 
ing years, because for science there are no such years. 

The ancient alchemist with his delightful mysticism 
and failures has always been a fascinating subject for 
writers and painters. 

By the alchemy of Father Time the old adept or fire 
philosopher has been transmuted into the great modern 
magician, the chemist, who, with his precise physico- 
mathematical deductions and his intricate and mar- 
velous laboratory equipment, has pried many startling 
and useful secrets away from nature. We like to say 
that many of the dreams of the alchemists have come 
true. 

A study of alchemy reveals also a romance that is 
fantastic, uncanny, amazing. It has attracted and 
fascinated poets, playwrights, novelists, and actors. 
Artists have reveled in its picturesque paraphernalia, 
its mysterious alembics, furnaces, and crucibles; in the 
earnest old sages reading and studying ancient, ponder- 
ous volumes; in its allegory and symbolism, skulls and 
skeletons, serpents and salamanders, dragons, sun, 
moon, stars, planets, circles, and triangles. 

A study of the alchemist, his mystic doctrines and 
doings, has been a hobby from which I have derived 
entertainment and much pleasure. The ancient al- 
chemist, whom I like to call a ‘‘Fire Philosopher,” had 
as one of his important tools a bellows, with which he 
coaxed the fire under his crucibles and stills. These 
bellows accelerated not only the fire under his apparatus 
—they also fired his imagination. Frequently these 
bellows bore the inscription, Spira et spera, ‘Breathe 
and Hope,” which might well have been adopted as a 
slogan by these earnest workers, for hope certainly 
inspired them, urged them on in their search. 

That references to alchemists and alchemy are fre- 
quently to be found in prose and poetry is well known 
to all of us. My first contact with the alchemist came 
when, as a youngster, I read Goethe’s ‘‘Faust.” Later 
I found that Shakespeare, Marlowe, Swift, Browning, 
Emerson, and many others had written about him. 
And I read plays in which the hero, or sometimes the 


The Alchemist by David Teniers. Teniers painted about 
a dozen pictures of the alchemist. This one is typical. 


villain, is an alchemist as, for example, Ben Jonson’s 
‘The Alchemist.’ In almost every important art gal- 
lery in the world we find evidence that the old fire 
philosopher in his mysterious dingy and smoky labora- 
tory, with its mystic decorations and fascinating fur- 
naces, has inspired some of the world’s greatest painters. 

The words ‘“‘alchemy” and “‘alchemist’’ appear in 
every book on the history of science and in nearly every 
concordance of the classics. We speak of “nature’s 
alchemy” when referring to great natural phenomena or 
unusual products. By the alchemy of Time important 
and mysterious changes are brought about. 

The science of matter, a study of its composition, its 
synthesis and analysis, the changes it undergoes, and 
the laws governing them, is called chemistry. It has 
always been chemistry, but has had different names 
during the ages. In prehistoric times it had no name— 
people did not even know that it was a science. 

When man began to think he must have noticed the 
differences, the similarities, and the changes in the 
common things with which he came in contact daily— 
and chemistry was born. Living plants increased in 
size, grew; when they died they decomposed, changed, 
disappeared. Plant juices fermented on exposure and 
produced new effects when drunk. Milk soured, co- 
agulated; copper tarnished and iron changed to a use- 
less rust when exposed to air and moisture. Man ob- 
served and profited by these processes without giving 
them a collective name. This was the infancy of 
chemistry, its first period. 

The second period developed rapidly after man dis- 
covered fire, its nature and uses. It was, probably 
brought to him by lightning, or, as he would have said, 
from Heaven by the gods. Fire and its effects must 
have filled the first observers with awe and bewilder- 
ment. After learning how to control it, a new world 
was opened to primitive man. Fire enabled him to 
change nature’s crude ores and minerals into metals, 
and the latter into alloys and useful shapes. By fire, 
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raw or inedible foods were changed into more palatable 
and digestible forms. Fire enlarged his world—not 
only economically but also geographically. He could 
now live in colder climates. 

The third period began when the more intelligent 
members of the social order—the educated members, 
monks, priests, teachers, philosophers, doctors—began 
to experiment, not accidentally, but deliberately. The 
scientific method of inquiry began at this time. Often 
the results of experiments must have been more spec- 
tacular and startling than useful. But they were al- 
ways leading into the unknown, a path which has 
tempted, and always will tempt man irresistibly. Phi- 
losophers, who had always speculated on the how, why, 
and what of man and his world, applied the new dis- 
coveries to the old philosophies, and new philosophies as 
well as new speculations were born. Glass, dyes, pig- 
ments, perfumes, ceramics, and alloys appeared. Man’s 
thinking had developed sufficiently so that wealth, 
health, and happiness became motivating factors in his 
actions and ambitions. 

At about this time the fourth period began. It marks 
the beginning of alchemy. Man’s experiments had 
yielded many useful substances and useful medicines. 
Why not aim higher? Why not make the things which 
insure wealth, happiness, and health? And man said: 
Let us make gold, and let us make a medicine, an elixir 
of life, of eternal life! 

The aims and activities of the medieval alchemists are 
better understood when we examine some early refer- 
ences and later definitions. As early as 200 a.p., 
Tertullian wrote about Hermes, the Egyptian god of 
science. From this name we now have the word, 
‘“‘hermetic,’’ meaning sealed or air-tight. Alchemy is 
often called the hermetic art. 

Zozimus reports the legend of the fallen angels who 
taught alchemy to the daughters of men, whom they 
married. (Gen. 6: 2) (8rd century A.D.) 

Julius Firmicus (4th century A.D.) is believed to be 
the first to have used the term, “alchemy.” 

Roger Bacon (13th century), in his now famous book, 
“Mirror of Alchemy,” says, ‘Alchemy is a science 
teaching how to transforme any kind of metal into 
another, by a proper medicine, as it appeareth by many 
philosopher’s bookes.”’ 

In Agrippa’s ‘‘Vanitie and Uncertaintie of the Artes,” 
(16th century) we read, ‘‘Alcumie, whether it ought to 
be termed an arte or a counterfaite colourynge, or a 
pursuite of nature, is doubtlesse a notable and a suffered 
deceipte, the vanities whereof is easily perceaved in that 
it promiseth thinges whiche nature in nowise can abide, 
nor attaine, whereas no arte can surmounte nature, but 
doth imitate and follow it.” 

In the 17th century, Burton, in his ‘Anatomy of 
Melancholy,” asks, “‘What is alcumy but a bundle of 
errors?’ Lémery, in his textbook on chemistry writes, 
“‘Alchemy is an art without art, whose beginning is ly- 
ing, whose middle is nothing but labor, and whose end 
is beggary.’”’ You note from these statements that 
shrewd observers at this time (latter part of 17th 
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century) were becoming aware of the fact that the al- 
chemist was not making gold; in other words, he was not 
making good. 

But, if there was much vanity, pretense, promise, 
fraud, and folly on the part of the charlatan, the errors, 
gropings, and failures of the sincere alchemist finally 
pointed the way to our great modern science, chemistry. 

The Encyclopedia Britannica says, ‘‘Alchemy was. . . 
the sickly but imaginative infancy through which 
modern chemistry had to pass before it attained its 
majority.” F. & W. Standard Dictionary—‘ Alchemy 
was the immature chemistry of the middle ages, charac- 
terized by the pursuit of the transmutation of base 
metals into gold, and a search for the alkahest (univer- 
sal solvent) and the panacea (universal medicine or 
elixir).”” 

In German literature alchemy is frequently referred 
to as the schwarze Kunst (black art). 

The alchemist had many other names, some of them 
picturesque, such as: adept, goldmaker, transmuter, 
multiplier, hermetic, magician, mystic, astrologer, 
occultist, cabalist, psychic spagirist, hierophant. 

The early alchemists accepted the four elements of 
the earlier philosophers, namely, earth, water, air, and 
fire. Later others were added such as mercury and 
sulfur. It should be noted that the “elements” of the 
alchemist in general denoted qualities rather than 
chemical elements as we know them today. Thus the 
“mercury”’ and “sulfur” of the alchemist were the hypo- 
thetical essences of certain qualities rather than the 
familiar substances we know by those names. Every- 
thing was made up of these elements. And it was 
thought possible to convert substances which we now 
know as elements into each other. There were two 
classes of alchemists—those who were sincere, and the 
charlatans. Enormous amounts of time, effort, and 
means were sacrificed, and, while the alchemists suc- 
ceeded in making many practical discoveries and useful 
products, in their major aims—the making of gold and 
the elixir of life—they failed. One marvels at their 
persistency. But who can analyze human hopes and 
the will to succeed? 

The crusades brought western peoples into contact 
with new ideas, new methods, new literature, new mys- 
teries, and new ambitions. The Renaissance was a 
period of rising standards of living. People were 
anxious to have luxuries and make displays. (And we 
haven’t changed.) Wealth was their goal, and any 
endeavor which had even remote possibilities of trans- 
muting anything into gold seemed worthy of supreme 
efforts and great sacrifice. Royalty was guilty of even 
greater cupidity than its subjects. The church at first 
condemned and later condoned alchemical practices. 
Bishops and popes could always use gold, and more 
gold. 

From a study of alchemical literature it is obvious 
that the alchemist, for the greater part, worked without 
rhyme or reason; he was experimenting blindly, em- 
pirically, searching for something indefinable—some- 
thing which supposedly contained all powers and poten- 
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(1) Faust and Mephistopheles, from a 
painting by A. Jacomin. 
(2) Quantitative experiments were al- 
ways definite steps from alchemy to 
chemistry. Sanctorius of Padua (1561- 
1636) ate, drank, and slept in a specially 
constructed balance, observing his weight under different con- 
ditions. He was a pioneer physiological chemist. 
(3) Der Alchymist. Attributed to Edmund Hellmer. One 
of the finest of the alchemical ‘‘portraits.”’ 
a a. Johann Rudolf Glauber’s Furnt Novi Philosophict 
(5) From a woodcut illustrating an alchemical rejuvenation 


process. From Solomon Trismosin’s Splendor Solis, 1582. 


(6) Doré illustration for Dante’s Inferno 
Scene: Vergil and Dante in Hell, lowest 
circle, the abode of the falsifiers. The 
two figures before Vergil and Dante repre- 
sent alchemists. 
(7) From H. Khunrath’s A mpitheatrum 
Sapientiae Aeternae Solius Christiano-Kabalisticum, Physico- 
Chymicum, Tertriunum-Catholicon (1595). 

(8) The English alchemist, John Dausten, from Speculum 
Philosophice, an English alchemical manuscript of the 17th 
century. 

(9) From H. Khunrath’s Ampitheatrum Sapientiae Aeternae 
Soluis Christiano-Kabalisticum, Physico-Chymicum, Tertriu- 
num-Catholicon (1595). 
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cies of life as well as that which makes it worth living, 
wealth. This mystical something was variously called 
the Philosopher’s Stone, Stone of Wisdom, the Stone, 
the One Thing, the Essence, the Quintessence, the Soul, 
Heavenly Balm, Divine Water, Virgin Water, Car- 
buncle of the Sun, Old Dragon, Lion, Basilisk, Phoenix, 
Elixir of Life, the Great Elixir, Panacea, Universal 
Tincture, Great Magisterium, Red Lion, the Ferment, 
Universal Solvent, the Alkahest, Dissolving Men- 
struum, Most Noble Juice, the King’s True Bath... . 

Most people have heard of alchemy and the alchem- 
ists. The three terms most frequently encountered 
are: transmutation of metals, the philosopher’s stone, 
and the elixir of life. A careful study of alchemical 
writings, and there is an enormous volume of them, 
reveals the three main objectives of the alchemist’s 
search: 


(1) transmutation of cheap metals into gold; 

(2) preparation of a universal medicine, an elixir of 
life; 

(3) mysticism and symbolism in an effort to explain 
and understand God. 


TRANSMUTATION 


The origin of the idea that metals might be trans- 
muted is not difficult to discover. The early philoso- 
phers believed that all substances consist of an ele- 
mental matter, prima materia. All substances had the 
same prima materia, and they differed because different 
properties were associated with this prima materia. 
They reasoned that, if the properties were or could be 
removed, only the prima materia would be left. Re- 
versing the process and starting with the prima materia, 
and adding the necessary properties, any substance 
could be created. This seems simple enough, and surely 
some combination or sequence of dissolving, distill- 
ing, fusing, melting, digesting, burning, or extracting 
must do the trick. So they thought, and believed. 
Now we all know that the alchemist did not leave us 
directions for making real gold, but his primitive 
methods, his meager successes, and above all, his cour- 
age and determination in the search for the unknown, 
have inspired us to carry on. The present-day al- 
chemist has given us many things more valuable than 
gold. I predict that many of us will live to see the 
artificial production of gold. Several of the so-called 
elements have already been transmuted. 

To bring about transmutation it was thought neces- 
sary to prepare a mystical substance with which a com- 
mon metal must be treated in order to change it to gold. 
This substance is usually referred to as the philosopher’s 
stone, or the elixir. It was really not a stone in our 
sense of the word. It was the prima materia of all 
matter. There was a fascinating vagueness, often 
poetically expressed, about this soul, essence, or quin- 
tessence. Paracelsus expressed himself in this way: ‘‘A 
quintessence is nothing else than the goodness of Na- 
ture, . . . in which no corruptible thing and nothing 
contrary is to be found. It is a matter which is ex- 
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tracted out of all things that have life, being separated 
from all impurity and mortality, most purely subtili- 
ated, and divided from all the elements thereof.” 
Rupescissa wrote: “‘The quintessence we seek is there- 
fore a thing ingeniated by divine breath, which, by 
continual accessions and decessions is separated from 
the corruptible body of the four elements. And so, that 
which is sublimed, even a thousand times . . . comes to 
so great a virtue of glorification, that it is a compound 
almost incorruptible, as the heavens, and of the matter 
of the heavens . . . by which art can imitate nature.” 

Roger Bacon (13th century), the most illustrious al- 
chemist of his time, believed that mercury and sulfur 
were the essence, and that all minerals and all metals 
“are begotten of these two, nature always striving to 
the perfection of gold.’”’ To prepare the philosopher’s 
stone Bacon directed ‘‘continual concoction in the fire, 
the method God gave to nature.” 

Raymond Lully (13th century), another famous 
alchemist, said: ‘“The secret of the philosopher’s stone 
is the extraction of the mercury contained in gold;”’ 
and, “‘Unless you use this mercury, you go to the prac- 
tice [transmutation] as blind men, without eyes or 
sense.”’ 

The question that naturally comes to mind is, how 
was the adept to know when he was on the right track? 
More mysticism. Listen to Rupescissa: ‘“The sign of 
the work projected will be this: If the stone, when put 
on a hot plate, doth melt like wax, and not smoke, but 
penetrate and tinge, then is the oriental King born, 
fitting in his Kingdom with more power than all the 
princes of the world. Hence a philosopher cries out: 
come forth out of hell, arise from the grave, awake out 
of darkness, for thou hast put on brightness and spiri- 
tuality, because the voice of resurrection is heard and 
the soul of life is entered into thee. Praised be the most 
High, and let his gifts redound to the glory of his most 
holy name, and to the good and benefit of our neighbor.”’ 

It is clear that to the uninitiated nothing was clear. 
The alchemist surrounded himself and his activities. 
with much secrecy, mysticism, and symbolism. De- 
scriptions of his operations were usually quite unintelli- 
gible, sometimes fantastic, and always cryptic. He had 
made a solemn vow not to disclose any of the properties. 
of the mystical agent, or nature of the successful experi- 
ment should he discover it, for, ‘‘If the secret were mani- 
fest to everyman . . . the whole world . . . would run 
themselves headlong, without any regard to equity or 
piety to the bottom of hell.’’ This plausible veil of 
secrecy served to hide not only his possible successes, 
but also his failures. Here we see one reason why 
alchemy lasted as long as it did. 

Of course it was inevitable that royalty should be 
attracted by the claims of the alchemists. To maintain 
royal standing and pomp, money was always needed, 
and almost always lacking. The promise of gold, cheap 
and abundant, envisioned luxuries, power, conquest. 

Edward 3rd, of England, is said to have paid large 
amounts of money to Raymond Lullus to carry on 
alchemical experiments. 
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Queen Elizabeth installed Cornelius de Launey in an 
alchemical laboratory in Somerset House. 

Henry VI granted several patents for gold-making. 

Rudolph II, of Germany, founded an alchemical 
school at Prague. 

Augustus I, of Saxony, with his wife as assistant, 
worked at transmutation, and maintained two alchem- 
ists at regular salaries. 

Frederick I, of Germany, practiced alchemy. 

Pope John XII had a laboratory at Avignon. 
Later he issued a bill condemning alchemists as charla- 
tans. 

The same cupidity which led royalty into partnership 
with alchemists also led the latter to theirdoom. Since 
transmutation was a myth, and the would-be trans- 
muters for the most part pretenders, it was inevitable 
that sooner or later an accounting would be demanded. 
When the alchemist failed to live up to his pretensions, 
royalty was disappointed and the alchemist surprised, 
usually with a rope or an ax. 


THE ELIXIR OF LIFE 


Another major object of the alchemist’s search was 
the elixir of life. To most people the term ‘‘alchemist’’ 
is synonymous with gold-making. However, many of 
the more serious-minded operators of stills and furnaces 
were in search of what to many is more desirable than 
riches, namely health and long life. It was believed 
possible to discover a celestial elixir that would prolong 
life indefinitely—confer immortality. The belief that 
such an elixir existed or could be developed by knowing 
the secrets of the gods, was encouraged by Old Testa- 
ment stories. Moses must have been an alchemist (it 
was argued) or he could not have converted the golden 
calf into a drinkable solution. And, to live for cen- 
turies, as many biblical characters did, they must have 
been able to prepare an alchemizing elixir with which to 
slow down the sand in Father Time’s glass. 

Of course there were imposters in this phase of al- 
chemy as there were among the transmuters. Young 
alchemists asserted that their elixir had kept them 
young; the old ones claimed ages of centuries, and that 
their elixir kept them from dying. Count de St.- 
Germain, of the court of Louis XV, claimed an ex- 
perience of 2000 years. Once at a dinner he related a 
visit to King Richard of Palestine. When the diners 
seemed incredulous he turned to his servant for con- 
firmation. The latter replied, “You forget, Sir, that I 
have been in your service only a little over 500 years, 
so I cannot say.”’ ‘Oh yes,” replied the Count, ‘‘that 
was a little before your time.”’ 

One need not be greatly surprised at this belief in a 
universal elixir. Most people, then as now, recover 
from illnesses without medicine, often in spite of it. 
Today we have not one universal, celestial remedy, but 
hundreds. In Tumba Semir Amis is this statement: 
“You must know concerning the . . . universal medicine 
containing in it the perfect cure of all diseases, as well 
hot as cold, so far as they are known to be curable by 
nature, and are permitted by God to be cured. [Mod- 
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ern cure-alls neither require nor ask God’s permission. } 
If you inquire how this most perfect medicine and 
celestial tincture . . . do act . . . we answer: They per- 
form this by heating, illuminating and irradiating the 
archeus.”” The archeus is a spirit resident in the 
stomach. It separates poison from the food. If the 
archzus goes to sleep on the job, poisons find their way 
into the body and disease results. Don’t laugh. On 
the shelves of every public library there are recent books 
containing statements equally bizarre. 


This painting by A. H. Tourrier has the simple title 
“Gold.” It isa scene in a royal alchemical laboratory. The 
alchemist seems to say: ‘‘There! What did I tell you?” 
Royalty registers surprise. The two in the background may 
be skeptical. 


Joachim Poleman (Tumba Semir Amis) has a different 
explanation of the curative effects of the elixir. ‘The 
medicine transmutes the spirit of darkness, to wit, 
diseases, which are all properties of the seat of death or 
the forerunner of dark and obscure death, into good 
spirits . . . For the acquisition of the elixir invoke the 
light, and with a pure heart pray for the illumination of 
your understanding and you shall receive it; then oper- 
ate prudently, give relief to the poor, abuse not the 
blessings of God, believe the gospel, and exercise your- 
self in piety.”” The preparation and use of the elixir 
required a religious atmosphere. Without purity and 
decency on the part of the operator there could be no 
success. 


EXPLANATION AND UNDERSTANDING OF GOD 


The third aspect of alchemy has survived in one form 
or another to the present day. It has been designated 
by the terms spiritual and non-material, and is some- 
times confused with astrology. And always there has 
been associated with it much symbolism and mysticism. 
The temptation to coin a new word is too great to resist, 
and I propose Alchemystics as a designation, for the 
adepts who combined alchemy and religion, in the hope 
that this combination would show the way to God. 
John Dausten, an early English alchemystic, using 
mysterious and symbolic language, describes the wed- 
ding of the sun and the moon, attended by the stars and 
planets. The report of this wedding he bases on a book 
with letters of gold which he saw in a most unusual 
dream. This manner of revelation brings to mind 
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another one, very similar, in 1827, when Josiah Smith 
discovered the golden Book of the Mormons. One 
wonders if Josiah had read about Dausten’s dream. 

If the transmuter and his work were vague, the re- 
ligious alchemical mystic and his symbolism were much 
more so. His was a transcendental theory of alchemy 
which concerned itself with man’s soul, his spiritual 
development, and approach to God. It flourished be- 
cause it appealed to magic, mysticism, and necromancy 
in an age of superstition. 

Physical alchemy failed because it did not accomplish 
what it had promised, and transmutation remained a 
mystery. None of the many elixirs were able to cure 
illness or prolong life or secure immortality. In short, 
the philosopher’s stone was a dud. 

But the mystico-religious phase of alchemy did not 
have to make good by producing a lump of gold or a 
group of immortals. The spiritual alchemist used a 
cabalistic jargon, neither understood nor understand- 
able, completely mystifying. It had a psychic effect, 
causing people to modify their conduct and live in a 
mystic haze. How we love to refer to these silly beliefs 
and superstitions as the reasons why there were ‘“‘dark 
ages,’ when man was only slightly civilized! And yet, 
it is probably true that superstitions flourish to a 
greater extent now than in the middle ages. We have 
sects, isms, pathies, cults, and ologies without number. 
We cure disease in absentia by long-distance treatment; 
there are mobs of so-called practical psychologists; 
hordes of yogis and yogonandas; somebody associates 
the letters of your name with numbers, the ‘“‘science’”’ 
of numerology is born, and promptly thousands flock to 
it, hoping that in some occult manner the numbers will 
reveal the future. Astrology, that strange but worthy 
ancestor of astronomy, having outlived its usefulness, is 
resurrected by ignorant mystics, advertised as a science, 
and tens of thousands of still more ignorant mystics 
hitch their wagons, thoughts, ambitions, plans, and con- 
duct to the stars and planets and, let us hope, live con- 
tentedly ever after. 

The devotees of spiritual and religious alchemy 
hoped to attain immortality, and an understanding of, 
and unity with God. Their alchemy was to explain 
why suffering and death were necessary before the life 
with God could begin. They had much to say about 
the philosopher’s stone, and they said it for the most 
part, symbolically. They believed that an analogy 
existed between the philosopher’s stone and Jesus— 
“the stone which the builders rejected.” 

Although the alchemystics used alchemical terms 
such as furnaces, alembic, crucible, mercury, gold, cal- 
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cination, distillation, fixation, these were not to be 
understood literally—only symbolically and spiritually. 
Transmutation meant a refining, a salvation of the soul, 
a new birth to immortality. To Luther, the transmu- 
tation of metals seemed symbolical of the resurrection 
and restoration of the human body. 

The history of the religious turn of alchemy includes 
many famous names, and with each there is associated 
enough mysticism and action to make their stories most 
interesting reading. I can only mention them: Basil 
Valentine, Christian Rosenkreutz, Michael Maier, 
George Ripley, Thomas Norton, Edward Kelley, John 
Dee, Giovanni Mirandola, Robert Fludd, Heinrich 
Khunrath, Jacob Boehme. The writings of the last 
two are the great classics among the present-day mys- 
tics. 

The literature of every nation abounds with refer- 
ences to the alchemist, his theories, practices, symbols, 
and apparatus. 

Danie, with Vergil as his guide, visits two alchemists 
in the lowest circle of hell. (Divine Comedy.) 

Ben Jonson wrote a delightful satire on the vulgar 
roguery of his day in his play, ‘“The Alchemist.” 

Girodano Bruno in his ‘Il Candelaio” uses a similar 
theme and treatment. 

Butler’s ‘“‘Hudibras,”’ Browning’s ‘Paracelsus,’ and 
Longfellow’s ‘Golden Legend” are all most delightful to 
read; and they show that great writers have studied and 
have been fascinated by alchemical literature. 

The original Faust legend has been preserved in 
English by Marlowe in ‘‘The Tragic History of Dr. 
Faustus,” and in German by Goethe in his “Faust,” 
which, in the original, is my favorite of all literature. 

The list of great artists who have painted the al- 
chemist, his laboratory, and its paraphernalia, is a long 
one. Among the great artists whom the alchemist 
attracted and inspired are, P. Breughel, Hans Sebald 
Beham, Wijck, Teniers, Vedder, Steen, Van Ostade, 
Tourrier, Jacomin, and Rembrandt. No real artist 
could read a description of one of these early scientists 
without being inspired to transfer his impressions to 
canvas. The mysticism and symbolism, the dingy, 
smoky laboratory, the mysterious stills and crucibles, 
the furnaces and bellows promising miraculous fires, 
the cabalistic formulas and cryptic operating directions, 
the human skulls and animal mummies, the scattered, 
open volumes of earlier adepts . . . everything con- 
nected with the saintly old fire-philosopher attracted 
the artist, and this vision he just had to perpetuate with 
his brush. This is one sort of immortality the old 
mystic did achieve. 





The philosopher should be a man willing to listen to every suggestion, but determined to judge for himself. 
He should not be biased by appearances; have no favourite hypothesis; be of no school; and in doctrine have no 


master. 


He should not be a respecter of persons, but of things. 


Truth should be his primary object. If to these 


qualities be added industry, he may indeed hope to walk within the veil of the temple of Nature-—FARADAY 





REPRESENTATION of STATIS- 
TICAL DISTRIBUTIONS dy 
CONTINUOUS SPECTRA’ 


T. H. HAZLEHURST, JR. ann WALTER H. KELLEY, JR. 


Lehigh University, Bethlehem, Pennsylvania 


A method of representing statistical distributions has 
been elaborated and applied to the representation of 
Maxwellian distribution of molecular velocities, ‘‘electron 
density’ in the hydrogen atom, black-body radiation, 
phase space for a unidimensional gas, and “particle 
density” in the classical and the quantized linear har- 
monic oscillator. Other applications are suggested. 
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encountered by the student of chemistry through 

his contacts with the kinetic theory. The statisti- 
cal treatment of the gas laws, diffusion, conduction of 
heat, viscosity, and the second law of thermodynamics 
has been elaborated and standardized since the days of 
Maxwell and Boltzmann and has become a regular part 
of instruction in advanced courses, and no college 
student majoring in chemistry receives his degree with- 
out having some knowledge of Maxwell’s law of dis- 
tribution of molecular velocities. This law takes a 
somewhat different form according as we deal with one, 
two, or all three dimensions of the gas. Problems of 
evaporation or of solution, which naturally focus atten- 
tion upon the component of velocity perpendicular to 
the interface, involve consideration of the distribution 
of velocities along that one dimension only. Problems 
in surface chemistry require consideration of the two 
dimensions in the plane of the surface, the dimension 
perpendicular to it being irrelevant. Finally, the usual 
problems of gas pressures necessitate the consideration 
of all three physical dimensions. 

The three different functions in question, namely the 
three distribution laws referring respectively to one, 
two, and three dimensions, may be represented by 
curves (as they usually are), by tables of figures, which 
lack the picturesqueness of curves, or by a third 
method about to be described which makes use of the 
ability of the eye to compare relative brightness. This 
third method, while not entirely new, has been applied 
here for the first time to this and a few related problems. 
The distribution of velocities becomes visible as a dis- 
tribution of light intensity. 


ae magnitudes are most commonly 


* Presented before the Division of Chemical Education at the 
88th meeting of the American Chemical Society, Cleveland, Ohio, 
Sept. 11, 1934. 


The method consists in plotting the curves in the 
usual way and blackening the entire area outside the 
curve so that the area between the curve and the hori- 
zontal axis shows up white against a black background 
(see Figure 5). The diagram is then wrapped around a 
wooden cylinder with the axis of abscissas in the figure 
parallel to the axis of the cylinder. The cylinder is 
mounted on an axle so that it may be rotated at 1000 to 
1200 R.P.M. by means of a small motor. The eye is 


FIGURE 1 


a, b, and ¢ are spectra of the distribution of molecular ve- 
— along one, two, or three dimensions of the gas, respec- 
tively. 

d. The ordinates of the original curve are values of E/aT, 
where E is the energy for any wave-length, T is the absolute 
temperature, and ais aconstant. The abscissas are values of 
bd, where 0 is a constant, and \ the wave-length. 


unable, of course, to follow the motion of the diagram, 
and what is observed is the conglomerate image of the 
black and white portions of the diagram along what was 
originally an ordinate in the curve. The higher the 
ordinate in the curve as originally drawn, the greater is 
the proportion of white and the brighter that portion of 
the diagram appears to the eye. When viewed through 
a slot the whole thing appears just like a continuous 
spectrum, the intensity being everywhere proportional 
to the fraction of molecules having the energy repre- 
sented by the abscissa at that point. It is obvious that 
the scale of the diagram must be so chosen that no 
ordinate is greater than the circumference of the 
cylinder. 

Figure 1 a, b, c shows the appearance of such spectra 
for the distribution of resultant molecular velocities for 
one, two, and three dimensions of a gas. The curves of 
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the original diagrams have been so drawn that the 
areas under them are the same for all; that is to say, the 
distribution functions have been multiplied by their 
normalizing factors. This refinement is really super- 
fluous because it would be of use only if we wished to 
compare quantitatively the intensities in two different 
pictures, and, aside from the fact that the information 
so derived could be obtained much more easily in an- 
other way, no particular precautions were taken to 
make the photographs identical in illumination, ex- 
posure, or development. The abscissa scale is in units 


of w = c/W2RT/M where c is velocity, M is the 
molecular weight of the gas, R the gas constant, and T 
the absolute temperature. Table 1 shows the actual 


TABLE 1 

MAXWELLIAN DISTRIBUTION OF MOLECULAR VELOCITIES 
2 3 f 
1.129 0.000 0.000 
1.117 0.198 0.022 
1.084 0.384 0.087 
1.032 0.548 0.186 
0.962 0.682 0.308 
0.879 0.778 0.439 
0.787 0.838 0.567 
0.691 0.858 0.677 
0.595 0.844 0.762 
0.503 0.800 0.813 
0.415 0.736 0.830 
0.335 0.656 0.814 
0.265 0.568 0.770 
0.208 0.480 0.704 
0.159 0.394 0.623 
0.119 0.316 0.535 
0.087 0.248 0.447 
0.063 0.190 0.362 
0.044 0.142 0.286 
0.031 0.102 0.220 
0.021 0.074 0.165 
0.009 0.034 0.086 
0.004 0.016 0.041 
0.001 0.006 0.018 

0.002 0.007 


0.000 
0.000 0.000 0.001 
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Explanation: Column 1, values of w = cWVM/2RT, where c = resultant 
molecular velocity, M = molecular weight, R = gas constant, JT = absolute 
temperature. Column 2 gives values of dN /Ndw where N is the total num- 
ber of molecules; this is the fraction of molecules for which the value of w 
lies between w and w + Aw. Column 2 gives the value of this quantity for 
a one-dimensional gas, Column 3 for a two-dimensional, and Column 4 for a 


three-dimensional. The actual numbers are the values of 2/Vxe-™; 
Qwe-”; 4/V xwre-™, respectively. 


numbers involved, making it obvious that the ordinates 
have become almost too small to plot by the time w has 
attained the value 3. For any particular gas and any 
particular temperature the values of w may be trans- 
lated into velocities by multiplication by V/2RT /M. 

Other statistical distributions which may be demon- 
strated in the same manner will readily occur to mind. 
Figure ld shows the distribution of energy in the 
spectrum of radiation emitted from a black body. 
The curve used in obtaining this picture is the familiar 
one demanded by the Planck formula for black-body 
radiation. It would be a simple matter to plot curves 
for the spectral distribution of radiation from any sort 
of radiator such as a tungsten filament, a neon tube, 
or a mercury arc lamp. In fact, colored whirling dia- 
grams may be profitably employed for direct visual ob- 
servation by the class, although naturally they are of 
no help in making photographs. 
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It is sometimes of value to distinguish between the 
distribution of resultant molecular velocities in, say, a 
two-dimensional gas and the distribution along each 
component velocity. What is required is a diagram so 
shaded that the intensity along any line through the 
origin shall fall off exponentially in the manner of the 
“spectrum” for a one-dimensional gas.' Such repre- 
sentations are readily obtained by rotating the proper 
diagram fastened to the face of a disc instead of to the 
surface of a cylinder. The abscissas of the curve for 
the distribution of velocities for the one-dimensional 
gas (Table 1, column 2) are plotted on polar coérdinate 
paper as radii and the ordinates as angles, being read 
as degrees either directly or after having been multi- 
plied by some convenient numerical factor. It is 
evident that if such a diagram is placed concentrically 
upon a rotating disc the intensity of reflected illumina- 
tion at any distance from the center will be proportional 
to the ordinate in the curve at that value of the abscissa 
(radius), that is, to the fraction of molecules having 
velocities whose components are the coédrdinates of the 
point in question, referred to Cartesian axes with origin 
atthecenter. It is as though the velocity of each mole- 
cule were represented by a microscopic white dot 
located at a point whose x coérdinate is equal to the x 
component of the velocity of the molecule and whose y 
coérdinate is equal to the y component of the velocity 
of the molecule. This point is called the representative 
point and it is customary to refer to the “density” of 
such points, meaning the number per unit area. On ac- 
count of the vast number of molecules and the small 
scale of the diagram the density is always huge and the 
eye sees, not each dot separately, but a gray of lighter 
or darker shade. The magnitude of the resultant 
velocity is, of course, measured by the radius vector to 
the point in question and will be identical for all points 
on a circle with center at the origin. 

By superposing upon such a picture first Cartesian 
and then polar codrdinates it is made quite obvious to 
the student (1) that the distribution along each axis in 
Cartesian coérdinates is independent of the distribu- 
tion along the other; (2) that no particular direction is 
naturally selected as the x- or y-axis, that is, that the 
orientation of the Cartesian system makes no differ- 
ence; (3) that the division of the plane into cells by 
rectangular axes, where each cell naturally has the 
same area, gives rise to a distribution with a maximum 
density (number of representative points per cell) at the 
origin, whereas subdivision of the plane into cells by 
means of radii and circles (polar codérdinates), a sub- 
division in which the cells are by no means uniform but 
are much smaller near the origin than elsewhere, gives 
rise to a distribution with a maximum density not at the 
origin but farther out. 

This last demonstration serves to clear up a point 
which is sometimes troublesome to a student. He fails 
to see why, if the most probable velocity for a one- 


1 HERZFELD, K. F., “‘Kinetische Theorie der Warme,” Vieweg 
und Sohn, Braunschweig, 1925, p. 31. 





Jury, 1935 

















N 


FIGURE 2.—Brass BUSHING USED TO FASTEN 
Disk TO ROTOR 








dimensional gas is zero, the most probable resultant 
velocity for a two- or three-dimensional gas should be 
other than zero. The demonstration shows that when 
we consider the resultant magnitude of the velocity in 
two or three ‘dimensions we are essentially using the 
plane (or space) polar coérdinate system with its cells of 
varying size. 

Exactly the same diagram may be used to demon- 
strate the distribution of representative points in 
phase space for a one-dimensional gas, one axis repre- 
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rotating diagram. The diagram is illuminated from the 
front and observed visually by the class or is photo- 
graphed for a permanent record. The axle is turned 
by means of a pulley driven by a small stirring motor. 

The disc diagrams are mounted on a copper disc 
(diam. 7”) fastened to the end of the axle which bears 
the cylinder. The brass bushing used to fasten the 
disc is shown in Figure 2. The diagrams are centered 
by making use of the tiny projection left on the bush- 
ing when it is turned in the lathe, and are fastened to 
the disc by '/s” bolts near the periphery. Naturally, 
the exact dimensions and set-up are a matter of conven- 
ience and it would be feasible to construct an apparatus 
suitable for demonstrating such figures to a large class 
in a lecture hall. 

Any statistical distribution is amenable to this treat- 
ment. For example, it is possible to reproduce the dia- 
grams published by Ruark and Urey’ or those pub- 
lished by Dushman? by constructing circular diagrams 
of the proper kind. A table (Table 2) of values of the 
required functions multiplied by factors permitting 
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FIGURE 3 
Electron ‘‘density’”’ in the hydrogen atom in the states 100 (a), 200 (d), and 300 (c), respectively. 


senting position measured from a fixed point of mini- 
mum potential energy and the other momentum. 
Strictly speaking, although there will be an exponential 
decrease in density of representative points along both 
axes, the rate at which the density decreases may not 
be the same along the two axes, so that contours of equal 
density would in general be ellipses and not circles. 
However, in view of the difference in physical nature of 
the quantities measured along the two axes, we may so 
select the two scales, which are entirely independent 
of one another, as to make the rates of decrease identical 
without loss of generality. 

A brief description of the apparatus used by the 
authors in demonstrating such things follows. The 
wooden cylinder was turned on the lathe from white oak 
and made exactly 9” in circumference (diam. 2.86”). A 
pair of brass bushings and a set screw serve to fasten the 
cylinder to an axle made of !/,” drill rod. The cylinder 
is 4” long. The diagrams are conveniently, fastened to 
it by thumbtacks. A slotted piece of black cardboard 
is arranged so that the slot permits a view of the 


accurate comparison is included here for the conven- 
ience of those who might wish to construct the figures. 
The illustrations (Figure 3) show pictures of rotating 
diagrams on this apparatus demonstrating the electron 
density in the hydrogen atom in the three quantum 
states 100, 200, 300. Scales reading in Angstrom units 
may be photographed simultaneously in order to convey 
some notion of what one might mean by the term 
“radius of a hydrogen atom’’ in each of the states. 

As a final illustration of the use of this apparatus con- 
sider the representation of the simple harmonic oscilla- 
tor as pictured by the wave or quantum mechanics. 
The classical vibrator with frequency v has a very 
definite amplitude for each value of the enetgy. All 
values of the energy are possible, but for any one value 
there is a maximum displacement beyond which 
the vibrating particle will never go. It is possible to 
plot the probability of finding (at some random mo- 


2 RUARK AND UREy, “Atoms, molecules, and quanta,” Mc- 
Graw-Hill Book Co., Inc , New York City, 1930, p. 565. 
3 DusHMAN, S., J. CHEM. Epuc., 8, 1106 (June, 1931). 





TABLE 2 
PROBABILITY FUNCTIONS FOR ELECTRON DISTRIBUTION IN THE HyDROGEN 
AToM 

2 4 

.0000 
8187 
6703 
5488 
4493 
3679 
.3012 
. 2466 
2019 
1653 
1353 
1108 
0907 
0743 
.0608 
.0498 
0408 
0334 
0273 
0224 
0183 
0111 
.0067 
0041 
0025 
0009 
0003 
.0001 
0000 


Explanation: Column / lists values of x = 2r/an, where r is the radius, 
a the radius of the first Bohr orbit, and m the quantum number. Columns 
2, 3, 4 list values of the probabilities of finding the electron at the position x 
for the quantum numbers mn = 1, 2, 3, respectively. They are calculated 
from the three expressions: ¢~*, (x — 2)%e-*/32, and (x? — 6x + 6)%e-7/972. 
The numerical factors 1, 1/32, 1/972 are proportional to the actual normaliz- 
ing factors. 
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ment) the particle at any chosen point of its path by 
plotting the reciprocal of the velocity of the particle at 
that point against the position of the point itself (the 
displacement). The reciprocal of the velocity is of 
course a measure of the time spent in that region and 
so of the probability of finding the particle there. 
This is shown in Figure 4a, which was made by photo- 


FIGURE 4 


a. Particle ‘‘density’’ for a classical harmonic vibrator of 


frequency v and energy 1/2 + hy. ; 
b, c, d, e. The corresponding quantity for the quantized 
simple harmonic vibrator of frequency and energy 1/2 hv, */2 


hv, °/2 hv, 7/2 hv, respectively. 


graphing a whirling diagram bearing the curve pro- 
duced by plotting the reciprocal of the velocity against 
the displacement. The intensity reaches a maximum 
at the maximum amplitude (because the particle is 
there moving most slowly) and beyond that point there 
is complete blackness because the particle is not per- 
mitted to transgress that limit. 

The quantized vibrator is not confined to a particular 
amplitude but may pass even to infinity upon certain 
rare occasions. The wave mechanics gives a method 
of calculating the probability of finding the particle 
at any chosen displacement depending upon the quan- 
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FIGURE 5.—TyYPICcAL DIAGRAMS 


When rotated at high speed upon the cylinder and disc, re- 
spectively, they exhibit the appearance shown in Figures 4c, 3a, 
and 3c, respectively. 


tum number of the energy state in which it may happen 
to be. Not all energy states are permitted, but only 
those for which the energy equals (” + '/2)hv, where h 
is Planck’s constant, v is the frequency of the vibrator, 
and ” is zero or some positive integer. 

+ Table 3 shows the values of the probability func- 
tions for the oscillator in the fundamental and the 
first three excited states (n = 0, 1, 2,3). These values 
are plotted against x, which is the ratio of the actual 
displacement to the amplitude which a classical oscilla- 
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TABLE 3 


PROBABILITY FUNCTIONS FOR THE QUANTIZED SIMPLE HARMONIC 
LATOR 


Pr P2 Ps 


0.0000 0.2821 0.0000 
0.0434 0.2294 0.0616 
0.1538 0.1112 0.1842 
0.2834 0.0154 0.2455 
0.3808 0.0117 0.1878 
0.4151 0.1037 0.0692 
0.3850 0.2362 0.0092 
0.3115 0.3388 0.0440 
0.2233 0.3702 0.1673 
0, 1432 0.3318 0.2890 
0.0827 0.2532 0.3445 
0.0432 0.1681 0.3212 
0.0205 0.0984 0.2478 
0.0089 0.0519 0.1650 
0.0035 0.0239 0.0933 
0.0012 0.0101 0.0470 
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Explanation: x =r/a, wherer = actual displacement and a = amplitude 
of classical harmonje oscillator of identical frequency » and energy !/2 hy, 
the lowest value of the energy permitted by the quantum theory. The other 
columns represent the probability of finding the vibrating particle at position 
x in the four cases n = 0, 1, 2, 3 respectively. They are calculated from the 
following general formula: 

Pa = NnH ne -=? 

Nn = (2%! Vx)7 

Hn = e2* d”/dx” (e-2%) 
tor would have in the lowest permitted energy state, in 
the same manner as the diagrams for the distribution of 
molecular velocities. Figures 4), c, d, e show photo- 
graphs of the resulting appearance when the diagrams 
are placed upon the cylinder and rotated. 

Another method of showing the probability func- 
tion for the classical vibrator is even more direct, al- 
though somewhat less accurate. The path of the par- 
ticle is plotted (a sine curve) so that the total nine- 
inch length of the diagram just suffices for one com- 
plete vibration. The path is drawn with a width of 
about '/,” and shows white on a black background. 
If this diagram is fastened to the roller and rotated 
slowly while being viewed through the slotted cardboard 
the “particle” may be seen to vibrate back and forth 
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with a frequency dependent, of course, upon the speed 
with which the cylinder is rotated. If the cylinder is 
rotated rapidly a “spectrum” is observed which is 
nearly identical with that of Figure 4a. The identity 
would be absolute if the path of the particle were 
infinitely narrow instead of being 1/3” wide. 

One of our most onerous and important tasks as 
teachers is that of attempting not only to keep up with 
recent advances in science ourselves, but to transmit 
those advances to our pupils in a form which is within 
their range of comprehension but which does not 
obliterate the significance of the discoveries. It is of 
course out of the question to impart to undergraduates 
any extremely clear notion of the recent advances in 
subatomics. It takes 15 to 20 years for even a highly 
diluted version to find its way into the elementary text- 
books. But there is no reason why we should not do 
what little we can to point out the sort of thing that is 
being done on the boundaries of science. If it is useless 
to attempt to expound quantum mechanics and the 
philosophical consequences of the uncertainty prin- 
ciple to a class in elementary chemistry, it is quite 
possible and even desirable to demonstrate the fact 
that the Bohr picture of electronic orbits of definite 
shape and size (propounded in 1914 and now at least 
mentioned in all texts) must be replaced by pictures 
such as those in Figure 3, and the notion of oscillators 
with definite amplitudes enlarged to take in vibrating 
particles which may move to infinity. The general idea 
should get across and, while the mental reaction and 
comment of the student may be crude and naive in the 
extreme, it will none the less be a germ of an idea which 
will develop gradually in his scientific progress. 

The authors wish to express their appreciation of the 
help of Mr. E. M. Musselman of Lehigh University in 
the construction of the apparatus described. 





INTERESTING “SHORTS” ABOUT ELECTRICAL 
INSULATION MATERIAL 


Images Were Kissed . . . Mica Became “Insulation.” Mica 
was used for many peculiar purposes before it became an elec- 
trical insulator. One of its most interesting early applications 
as an “insulating material’’ was the glazing of Holy images. 

Images of the Holy Virgin were much kissed by devout Chris- 
tians in the 17th and 18th Centuries. Wear and tear on the 
images were finaliy checked by glazing them with mica. 

Linseed—It’s Food in Abyssinia . . . It’s hard to believe— 
what we use principally as a base oil for paint and varnish, Abys- 
sinians use for food. But linseed and linseed oil were used for 
food many centuries before they found their way into the paint 
and varnish business. 

Boiled linseed oil in paints and varnishes acts as a vehicle to 
form the film. The oil itself is pressed from the seed of common 
flax, and heat is applied to increase the yield of oil. 

Bug Harvests ... Twice a Year. Plant lice and shellac—they 
are part of the electrical industry. Shellac is used in some kinds 
of electrical insulating varnishes and it comes from bugs which 
feed on the sap of trees in India! These bugs or plant lice exude 
a resin that finally entombs them. Before the lice die their 
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young are transplanted to other trees. The older generation and 
the resin it has produced is scraped from the trees. After much 
refining to separate resin and insect, the product is shellac of 
several grades. About six months are required for one crop of 
shellac. 

Yellow Gum from “Blue Earth.” King Tut’s sarcophagus was 
varnished with melted amber. That was the hardest resin known 
then, and it still is. The ancient Phoenicians valued amber 
highly and braved the storms of the Atlantic in their triremes to 
gather it from the shores of the Baltic. 

The Baltic is still the greatest amber region of the world. On 
the shores of East Prussia it occurs in colored sand called “‘blue 
earth.” Amber was one of the first resins used for insulating 
varnish, but because of its high cost it has been replaced by other 
materials. 

Copal—A ged for a Million Years . . . Vast tracts on the main- 
land coast of Zanzibar, once covered by primeval forests, now 
yield fossil copal or resin. Today not a single tree is visible along 
this coast, but at a depth of about four feet are valuable deposits 
of copal, formed from trees that lived a million years ago. Masses 
weighing as much as five tons are sometimes unearthed in one 
piece. Copal resin is used extensively in varnishes and elec- 
trical insulating compounds.—_(From Westinghouse) 





The PROFESSION of CHEMISTRY’ 


WEBSTER N. JONES 


Carnegie Institute of Technology, Pittsburgh, Pennsylvania 


HIS is the chemical age of civilization. Our na- 

tion, through marvelous advance in chemistry 

and chemical technology, has acquired a keen 
appreciation of the fundamental importance of this 
field of human activity. The magnitude of the change 
in viewpoint is forcibly brought before us when we 
consider the progress that has been made in chemistry 
in the United States since the organization of the Ameri- 
can Association for the Advancement of Science in 
1848, of the American Chemical Society in 1876, and of 
the American Institute of Chemical Engineers in 1908. 
The reasons for the advancement reside in the tremen- 
dously far-reaching results of research investigations 
carried on by the countless workers in the fields of both 
theoretical and applied chemistry. As conspicuous 
examples may be mentioned the fundamental work of 
Willard Gibbs, Ira Remsen, Edward William Morley, 
Theodore William Richards, and Edgar Fahs Smith, 
and the applied researches of Charles Goodyear, 
Charles M. Hall, Charles F. Chandler, J. B. F. Her- 
reshoff, Herman Frasch, and Herbert H. Dow. In the 
field of public health, Harvey W. Wiley and his asso- 
ciates contributed enormously by their efforts in the 
control of foods and drugs. The World War furnished 
an added stimulus, not only along industrial lines but 
also in the application of chemistry to preservation of 
health and curing of ills. The rdle that chemistry is 
eventually to play in medicine has only been suggested 
by accomplishments such as synthesis of vitamins, 
development of salvarsan and other compounds of spe- 
cific bactericidal properties, of adrenalin and similar 
glandular secretions, of procaine and other anesthetics. 
Thousands of chemists and chemical engineers are now 
contributing vitally to instruction of youth, to control 
of the quality of products, to expansion of the world’s 
store of knowledge, and to development of new prod- 
ucts and new industries for the benefit of mankind. 

In the short space of two decades, startling advances 
in theoretical chemistry have been accomplished. The 
chemistry of twenty years ago is antiquated compared 
with that of today. One of the oldest known sub- 
stances is water. Water played an important réle in 
alchemy, the forerunner of chemistry. The chemical 
formula for water is now known to nearly everyone, 
and its composition has been taken for granted. What 
scientist would be bold enough to question the consti- 
tution of water? A young man from Montana, Dr. 
Harold Urey, had the courage to question, the intelli- 


* Contribution to the symposium on the Réle of Chemistry 
in Education conducted jointly by Section C (Chemistry) and 
Section Q (Education) of the American Association for the Ad- 
vancement of Science, Pittsburgh, Pa., Dec. 27, 1934. 


gence to discern, and the dexterity to prove that water 
is not a simple compound. The discovery of “heavy 
water,”’ as you well know, resulted in :the well-merited 
award to this brilliant young scientist of a Nobel Prize. 
Who among this audience is not thrilled by the poten- 
tial value of such great contributions to the world’s 
store of knowledge? 

In days gone by, men with little scientific training, 
such as Charles Goodyear, who discovered the vul- 
canization of rubber, were able to make valuable con- 
tributions to chemical technology. Now, with educa- 
tion available to all who desire knowledge and who have 
the ability to acquire it, the probability that major 
discoveries will be made by men who have not received 
formal training in scientific subjects is extremely re- 
mote. 

The primary function of an educational institution is 
to afford young men and women an opportunity to 
equip themselves with the knowledge and character 
that will enable them to earn a living in their chosen 
professions. The field of chemistry at present differs 
from the fields of English, mathematics, physics, bi- 
ology, history, psychology, and political economy in 
that industry has awakened to the economic value of 
chemistry. A large proportion of chemical graduates 
is attracted to commercial positions rather than to the 
teaching profession. 

The profession of chemistry may, for the sake of sim- 
plicity, be looked upon as offering opportunity in two 
large fields of endeavor: the teaching of chemistry and 
the application of chemistry to industry. Few young 
men who enter college can predict whether their op- 
portunity will be in teaching or in industry; conse- 
quently, the basic training should be the same. Unfor- 
tunately, the laws of many states require an excessive 
number of courses in educational subjects for students 
who plan to follow secondary-school teaching of chem- 
istry. 

At the Carnegie Institute of Technology four-year 
undergraduate courses in chemistry and in chemical 
engineering are given. The first year is common to 
both courses. The principal difference in the upper 
years between the two courses is that the chemist 
omits courses in mechanics, electrical engineering, 
prime movers, machine design, and chemical engineer- 
ing, which are taken by the chemical engineer, and sub- 
stitutes in their place French, German, differential 
equations, advanced physics, and chemical problems. 
The chemistry course points toward teaching, a job in 
an industrial laboratory, or, for those who have ex- 
celled, to graduate study, leading eventually to em- 
ployment in research. The chemical engineering 
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course prepares the graduate primarily for chemical 
plant operation, for chemical engineering design, and 
for sales work. However, the broad training received 
affords ample preparation for many other fields of 
endeavor. 

The teaching of chemistry has very attractive fea- 
tures. The primary objectives are to direct young 
men and women in their desire for knowledge and to 
contribute to the building of their characters. An 
added compensation for those who are qualified is the 
opportunity for productive scholarship in fields of their 
own choosing. The American Association of Uni- 
versity Professors sets a very high standard for its 
members in the following quotation from the 1933 
Annual Report:! ‘The Association encourages its 
members to engage more fully in productive scholar- 
ship and to stimulate the students in the colleges by 
better teaching. The Association has no patience with 
the drones who unfortunately exist in all colleges and 
universities, who are doing routine teaching and nothing 
more, and who are dropping behind in their chosen sub- 
jects by failure to attend meetings or to engage in 
scholarly research.” The quip, “Those who can, do, 
and those who can’t, teach,’’ fortunately does not apply 
to the brilliant teachers and able scientists with whom I 
have had the privilege of studying. In addition to 
scholarly attainments and teaching ability, these scien- 
tists have an intense human interest in their students 
which is magnified as the years pass by. No scientist, 
however brilliant he may be, can afford to overlook the 
human side of his work if he desires to excel as a teacher. 

Many chemists who chose the teaching field have es- 
tablished enviable records in educational management. 
Just one hundred years ago, Charles William Eliot was 
born in Boston. Trained as a chemist, he was elected 
president of Harvard University at the early age of 
thirty-five. His forty years as head of that great uni- 
versity have left an indelible imprint upon the educa- 
tional system of the United States. Ira Remsen, 
famous chemist and teacher, one of the original faculty 
of Johns Hopkins University, served as its president for 
twelve years. Edgar F. Smith, celebrated chemist and 
revered counselor of young men, was vice provost and 
provost of the University of Pennsylvania for thirty 
years. These men demonstrated that a chemical 
training served as an excellent background for educa- 
tional administrative work. Last year the Board of 
Overseers used remarkable judgment in electing James 
Bryant Conant, a brilliant young scientist, president of 
Harvard University. As further instances of men 
trained in chemistry and chemical engineering recently 
elevated to the presidencies of universities, Hezzleton 
E. Simmons, Akron University, and Arthur Cutts Wil- 
lard, University of Illinois, may be appropriately men- 
tioned. 

In industry, many companies are managed by men 
who have received their training in chemistry or chemi- 
cal engineering. A discussion of the various positions 


1 Bull. Am. Assoc. Univ. Prof., 19, 92 (1933). 
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in industry held by the 37,068 chemists, assayers, and 
metallurgists would exhaust the patience of any audi- 
ence; therefore, I shall confine my remarks principally 
to the rubber industry, which employs chemists, chemi- 
cal engineers, and research chemists in large numbers. 

C. C. Goodrich in 1895 set aside a few square feet of 
floor space and purchased some bottles of chemicals 
and some apparatus, thus launching the first chemical 
laboratory of The B. F. Goodrich Company. From 
this humble beginning the laboratories of this company 
have grown steadily, and today over one hundred chem- 
ists and chemical engineers are employed in the general 
chemical laboratories, research laboratories, raw mate- 
rials inspection department, physical testing depart- 
ment, production divisions, chemical manufacturing, 
and technical sales. The growth curve is similar for 
other large rubber companies. 

Extensive training schools have been developed for 
the chemists and chemical engineers who are carefully 
selected from preferred colleges and universities. It is 
the policy of the companies to select the best trained 
men from a large number of widely scattered colleges 
and universities in order to avoid clannishness, to 
stimulate competition, and to profit from whatever 
differences there are in educational training. In the 
case of recent graduates, experience in rubber tech- 
nology is not expected or required. During a prelimi- 
nary training period in the plant, the college graduates 
are given manual work in the various production de- 
partments in order to become acquainted with produc- 
tion operations, methods, and costs. The men are 
supplied with handbooks, and time is set aside for talks 
by experienced men on the properties and uses of mate- 
rials, physical testing of rubber goods, compounding, 
construction, materials control, engineering problems, 
costs, time study, sales, and research. When they re- 
turn to the laboratory after this practical experience, 
they are better able to apply their chemical training to 
plant problems and, later, to select more intelligently 
the type of work that they wish to do. The rubber 
companies have taken a generous attitude toward re- 
search, and a very friendly spirit exists between the 
many research workers of rival companies. The chem- 
ists and chemical engineers have not confined them- 
selves to technical work alone, but have branched into 
every phase of this major industry. Two of the four 
large rubber companies have, as presidents, men who 
were trained in chemistry. 

Chemists who desire to enter the research field should 
not be content with a four-year undergraduate course. 
The broader the undergraduate course and the better 
the graduate training, the more probable is a man’s 
selection and his success in research. In the rubber in- 
dustry, the determination of the constitution of the 
rubber molecule, the preparation of synthetic plastics, 
the discovery of new adhesives, the economical selection 
and preparation of new materials for the vulcanization, 
acceleration, preservation, reinforcement, and loading 
of rubber, and the finding of new uses for a material 
that already is utilized in making more than 35,000 
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different products, present problems which are a chal- 
lenge to the best trained and most ingenious minds. 

It has been interesting to observe the change in atti- 
tude of industry toward the chemist in recent years. 
In the depression of 1921, the first department to suffer 
in many industries was chemical research. The drastic 
curtailment of research at that time showed a near- 
sighted policy and ultimately resulted in great economic 
loss. During the period 1930-33, management, as a 
rule, has exercised more care in the treatment of tech- 
nical men and has made an effort to preserve research 
organizations. Management has come to the realiza- 
tion that research organizations are not built up in a 
day, that years are needed to select and train technical 
men, that a research atmosphere requires careful nur- 
ture, and that complete abandonment of research pro- 
grams with the dismissal of highly trained men, on 
the plea of financial necessity, is one of the surest ways 
to economic oblivion. Research men of ability are 
wary of affiliating with a company that has an unstable 
research policy and deals in wholesale slaughter of 
personnel during days of economic stress. Everyone is 
familiar with the fact that the chemical industries have 
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withstood the depression very well. One of the primary 
reasons for this is their attitude toward, and financial 
support of, research. Chemical industries are now reap- 
ing their reward for long-time investment in an ap- 
parently non-productive department. 

The lesson that industry has learned applies equally 
well to our state and national governments. The prog- 
ress of our nation and our national security depend in no 
small measure upon the government’s attitude toward 
chemistry. Our government can ill afford to curtail the 
various chemical bureaus which are contributing in 
hundreds of ways to the control of foods, to the im- 
provement of soil conditions, to the elimination of crop 
pests, to the safety of workmen, to the betterment of 
standards, and to the conservation of natural resources. 

The profession of chemistry offers a splendid oppor- 
tunity, either in teaching or in industry, for those who 
have received adequate training. The chief qualifica- 
tions required are: an insatiable scientific curiosity; a 
capacity for hours of toil; a deeper desire to acquire 
knowledge than to amass money; a wide human inter- 
est; and a conviction of personal responsibility for the 
economic, political, and social progress of our nation. 





UNDERGRADUATE ORGANIC 


LABORATORY CHEMISTRY 


IVA. Test-tube Experiments 
E. F. DEGERING 


Purdue University, Lafayette, Indiana 


The purpose of laboratory instruction is twofold: 
“‘to learn” and “‘to learn to do.”” The first has to do with 
the acquisition of experimental knowledge, whereas the 
latter is concerned with the development of correct expert- 
mental habits or “laboratory technic.” The amount of 
experimental knowledge acquired from any given labora- 
tory procedure is dependent upon the type of procedure, 
the method of instruction, and the student concerned; 


++ + 


T THE outset, the ultimate purpose of labora- 
tory test-tube experiments should be clearly 
set forth. Such exercises should serve to span 

two distinct gaps in the student’s training. To illus- 
trate, let us read into the old adage ‘‘we learn to do by 
doing,’’ the dual meaning expressed in the phrases “‘we 
learn” and ‘‘we learn to do.” The laboratory serves a 
distinct purpose in so far as it can aid the student in 
his effort ‘‘to learn” and it likewise serves an equally 


but the laboratory habits that the student acquires are 
largely the result of the particular manipulative practices 
involved. 

To encourage the student ‘‘to learn” the maximum 
amount in the allotted time calls for carefully selected 
experiments and adequate instruction, but to teach the 
student ‘‘to learn to do’ calls for appropriate and very 
carefully prepared procedures and thorough supervision. 


+++ 


distinct purpose in so far as it can aid him in his 
desire ‘‘to learn to do.’’ This dual objective, it would 
seem, serves as the unanswerable argument in favor of 
laboratory instruction. 

The student Jearns, for example, through his visual 
sense from his textbook or through his auditory sense 
from his lecture routine. The material thus acquired 
is intangible and irrelevant in so far as the actualities 
of life are concerned. Let us assume that through 
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factual knowledge he has learned that sodium reacts 
with dry alcohol in the cold but that it does not react 
with dry ether under similar conditions. Aside from 
a mental notation, this particular item means little or 
nothing to him, even though his instructor may have 
taken considerable time to explain the difference in the 
behavior of the two substances. Why? Because, 
barring laboratory acquaintance, the average student 
knows very little about any of the three substances 
concerned and proportionately less about what might 
be expected when any two of them are brought together. 
Of course, we must always allow for the student with an 
adequate imaginative set-up to visualize the problem 
in its entirety; but the average student gropes about, 
with the abstract fact fluttering hither and yon in his 
mind in quest of an adequate association or correlation. 

Given an opportunity in the laboratory, however, to 
add small pieces of sodium to small amounts of dry 
alcohol and dry ether in each of two test-tubes the 
student assumes the réle of an investigator and is im- 
mediately confronted with certain facts that demand 
explanation. He observes that the alcohol reacts with 
the sodium and evolves a gas; the ether does not react 
with the sodium. The student now knows by first-hand 
information that there is a distinct difference in the 
reactivity of these two substances with sodium; but 
here again the instructor encounters a very difficult 
task. Too many students are satisfied merely to know 
that there is a difference or to note what particular 
difference is involved. Far too few are concerned with 
carrying this particular phase of the problem to its ulti- 
mate conclusion. Why did the alcohol react? Why 
did not the ether react? Only with these questions, 
consistently answered, has the student acquired by 
practical experience an additional bit of information 
which will be retained as a part of his actual experience. 
While the responsibility for the adequate solution of the 
problem falls upon the instructor concerned, there are 
doubtless certain practices that materially aid the 
student in feeling his way. Graphic and balanced 
equations, whenever possible, are invaluable aids in 
the visualization of fundamental differences in the 
symbolic structures of compounds and their cor- 
responding properties. Appropriate labeling of pre- 
cipitates, gases, and immiscible liquids serves as an ad- 
ditional aid in the visualization of characteristic re- 
actions. Finally, interpretations, correlations, and 
conclusions all compel the student to fortify his position. 

The problem of teaching the student “to learn’’ lies 
within the grasp of the instructor in so far as he may 
select appropriate experiments and the use of adequate 
methods of instruction. But in so far as the selection 
of his students is concerned, the instructor must, 
for the most part, take what his constituency wills 
him. 

For the student of science, the second phase of our 
problem is equally important. The mere performance 
of certain tests in the laboratory as an aid both to the 
memory and to a clearer comprehension of the topic 
concerned is far from adequate. Aside from acquiring 
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the ability ‘‘to learn,’’ the student of science must acquire 
the attitude which compels him “to learn fo do;”’ 
for it is by virtue of the latter art, no less than the 
former, that science has made its progress. It is in the 
performance of just such simple things as test-tube 
experiments that the student acquires, bit by bit, an 
appreciable training in the fundamental habits of 
laboratory technic. Many of the test-tube experi- 
ments in organic chemistry are a little difficult to per- 
form because of the non-positive character of many of 
the results. Hence the student must early acquire the 
habit of being all eyes and ears and nose at all times; 
for changes in temperature, in color, in odor, in misci- 
bility, in volatility, in solubility, and numerous other 
properties are all clues that lead him on in his quest of 
the unknown. 

Realizing that there was an essential training in 
laboratory technic to be obtained from the correct per- 
formance of test-tube experiments, the author sought 
means of intensifying this training. One decided step 
in this direction in our laboratory, after careful pre- 
liminary experimentation, was the adoption of two-inch 
test-tubes for all laboratory test-tube experiments. 
The results have been gratifying. The mere fact that 
the student is dealing with only a few drops of the sub- 
stance under examination seems to awaken in him a 
realization that he must be alert if he is to obtain any 
benefit from the experiment. The use of such small 
amounts demands more careful procedure on the part 
of the student and much more careful observation of 
what takes place. Unconsciously, the student acquires 
better laboratory habits. 

Though the additional training the student receives 
in proper laboratory habits by the use of two-inch test- 
tubes more than justifies their use, there are additional 
arguments. Two-inch test-tubes cost less than the five- 
inch test-tubes and can be stored much more con- 
veniently until the respective tests have been approved 
by the instructor. (It is our practice to have the 
student save his test-tube tests until the exercise is 
completed, at which time they are checked and ap- 
proved.) The use of two-inch test-tubes in place of 
five-inch test-tubes involves an appreciable saving in 
chemicals. The student normally,works with about one- 
fifth to one-tenth the amount he would use in a five- 
inch test-tube. Even though instructed to examine 1 
cc. of a liquid, the average student will use three to five 
ce. if the test is to be carried out in a five-inch test-tube. 
Repeating the same test, however, in a two-inch test- 
tube the same student will be more careful of the 
amounts of the compounds and reagents used. In a 
subsequent article on ultimate qualitative , organic 
analysis, a procedure will be presented in which two-inch 
test-tubes are used as standard equipment. 

In conclusion, it is apparent that test-tube experi- 
ments serve two very important purposes in the stu- 
dent’s training; they aid him both ‘im learning’ and 
“in learning to do.” But the art of “learning to do”’ 
is appreciably intensified, in the opinion of the author, 
by the use of two-inch test-tubes. 





EXPERIMENT in CHEMICAL 
EQUILIBRIUM for STUDENTS 
of PHYSICAL CHEMISTRY 


T. E. PHIPPS, M. L. SPEALMAN, ann T. G. COOKE 


University of Illinois, Urbana, Illinois 


A physical chemistry laboratory experiment upon the 
gaseous equilibrium between nitrogen tetroxide and 
nitrogen dioxide is described, in which a simplified all- 
glass manometer of the ‘‘sickle’’ type 1s employed. The 
method of filling the reaction tube and making measure- 
ments is described. Typical values of the equilibrium 
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HIS experiment was devised in order to demon- 

strate the law of mass action and its applica- 

tion to chemical equilibrium in a _ gaseous 
dissociation. Students have ample opportunity to 
test the operation of the law in solutions, but it is sel- 
dom that they are able to study gaseous equilibria in 
the laboratory. In this experiment, from measure- 
ments of the total pressure and the temperature of a 
weighed amount of nitrogen tetroxide contained in a 
bulb of measured volume, the degree of dissociation 
and the equilibrium constant are calculated. The heat 
of the reaction is then computed from the change in the 
equilibrium constant with temperature, by means of the 
van’t Hoff equation. The standard free energy change 
for the reaction is also calculated for each temperature 
at which observations are made. 

For use in a laboratory experiment of this kind, the 
equilibrium between nitrogen tetroxide and nitrogen 
dioxide has these advantages: (a) the fraction of 
nitrogen tetroxide dissociated when the total pressure 
is about one atmosphere is approximately twenty per 
cent. at 30°C., and fifty per cent. at 60°C.; (6) equilib- 
rium is reached almost instantaneously; (c) pure nitro- 
gen tetroxide is easily prepared from lead nitrate. 
Among the more recent studies of this reaction are 
those of F. H. Verhoek and F. Daniels (1) and M. 
Bodenstein (2). 

Significant data cannot be obtained on this reaction 
when one attempts to apply the customary Victor 
Meyer vapor-density method. Because of rapid diffu- 
sion of the nitrogen oxides into the air in the Victor 
Meyer apparatus, the partial pressures of the reactant 
and product cannot be calculated, even when a reading 
is taken as quickly as possible after breakage of the 
bulb containing the nitrogen tetroxide. 

On account of the corrosive nature of the gases in 
question, any measurements must be made in an all- 
glass apparatus. A description of a suitable experiment 
on this reaction is given by F. Daniels, J. H. Mathews, 
and J. H. Williams (3). However, it appeared that a 
glass pressure gage of simpler construction and opera- 


constant and of AH, as obtained by students, are given for 
four different reaction tubes. A complete data sheet is 
shown for one student-pair, giving the data and calcula- 
tions in concise form. A critical discussion of the effect 
of observational errors upon the final results is also in- 
cluded. 


++ + 


tion would be advantageous. The gage finally 
adopted is shown in Figure 1. It is relatively simple 
to construct, is quite rugged, and at the same time may 
be made very sensitive. Its operation is similar to that 
of an ordinary Bourdon gage. The details of the 
construction are published in the succeeding article. 














FIGURE 1.—REACTION TUBE EMBODYING A GLASS DIAPHRAGM 
GAGE OF “SICKLE”? TYPE 


The gage is sealed into the reaction tube and the 
volume of the tube up to the constriction in the filling 
arm is determined. This volume is measured by filling 
the tube in a thermostat with water just to the con- 
striction, and weighing; then emptying and weighing 
again, dry. The usual corrections for air buoyancy and 
the density of the water are made. 

The nitrogen tetroxide may be prepared as described 
by F. Daniels, J. H. Mathews, and J. H. Williams (3) 
and the filling of the tube is carried out in the following 
way. The tube is evacuated to remove air and traces of 
moisture and then surrounded with liquid air. The 
tube is next filled with hydrogen, and then the approxi- 
mately correct amount of liquid nitrogen tetroxide 
(cooled in a solid carbon dioxide-ether mixture) is 
pipetted into it. The nitrogen tetroxide is immedi- 
ately frozen solid by the liquid air. The time required 
for this operation is only a few seconds, with the result 
that very little moisture or air can diffuse into the 
hydrogen-filled tube. With the liquid-air bath still in 
place, the tube is again evacuated to remove the 
hydrogen, and finally sealed at the constriction. To 
keep from breaking the gage, evacuation is always 
carried out simultaneously on both sides of the mem- 
brane. The exact weight of nitrogen tetroxide intro- 
duced is determined by weighing the tube before and 
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after filling. For this reason the sealing off must be 
done very carefully so as not to lose any glass. To in- 
sure against breakage of the membranes it is neces- 
sary to introduce an amount of nitrogen tetroxide 
such that approximately atmospheric pressure will exist 
in the reaction tube at ordinary room temperature. By 
the use of a rubber bulb on a fractional cubic centi- 
meter pipet with a long capillary tip, the filling 
operation is easily carried out. 

The weight of nitrogen tetroxide and the volume of 
the tube are data determined for the student, and 
these values are written with a diamond point upon the 
outside of the reaction tube. This apparatus may be 
used by several different sections of students and also 
stored away fer use from year to year. The reaction 
tubes in use in this laboratory were constructed, meas- 
ured, and filled by the authors themselves. 

Figure 2 is a photo- 
graph of the apparatus 
as used with a hand 
stirrer. In the diagram- 
matic sketch shown 
in Figure 3, a power 
stirrer is shown, and 
the thermometer which 
is not shown in the 
photograph has been 
included. As these fig- 
ures show, the gage is 
connected to a mercury 
manometer, and the 
reaction tube is im- 
mersed in a four-liter 
beaker filled with water. 
By means of the knife- 
type heater, the student 
brings the bath to the 
desired temperature, 
and then regulates the 
mercury leveling bulb 
of the manometer so as 
to bring the pointers 
into alignment. Since 
the pointers are about 
0.01 mm. in diameter, 
use of a low-power reading lens improves the precision 
of the alignment. The temperature of the bath, the 
height of the mercury in the manometer columns, and 
the barometer are then observed. Sets of readings may 
be taken over a rather wide range of temperatures, but 
the range from 35°C. up to 60°C. is most satisfactory. 
The selection of this temperature range is based upon 
the expected and observed deviation from the simple gas 
law, for a pressure of about one atmosphere and temper- 
atures below 35°C., and upon the observation of Boden- 
stein that dissociation of nitrogen dioxide into oxygen 
and nitric oxide begins to be measurable at about 
60°C. 

An outline of the calculations employed in reducing 
the data to thermodynamic terms follows: 


FIGURE 2.—PHOTOGRAPH OF 
THE COMPLETE APPARATUS FOR 
STUDYING THE EQUILIBRIUM BE- 
TWEEN NITROGEN ‘TETROXIDE 
AND NITROGEN DIOXIDE 



















































































FicurE 3.—DIAGRAM OF COMPLETE APPARATUS AS ASSEMBLED 
FOR THE STUDENT 


K 1 — a? 
d (logio K) 


AH 


AF° —4.575 T logio K 


fraction of nitrogen tetroxide dissociated. 
molecular weight of nitrogen fetroxide. 

total pressure in the reaction bulb. [P is expressed in 
atmospheres in equation (2) J. 

volume of the reaction bulb. 

weight of nitrogen tetroxide introduced. 

gas constant. 

absolute temperature. 

equilibrium constant. 

heat absorbed in the reaction. 

standard free energy change at temperature T. 
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AH 
AF° 
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Completeness is not claimed for these calculations. It 
is realized that the thermodynamic equations are 
strictly valid only if fugacities are employed. By vary- 
ing the amount of nitrogen tetroxide in the various re- 
action tubes employed by the class, equilibrium con- 
stants at different pressures could be calculated, and 
these could then be extrapolated to zero pressure, as 
has been done by F. H. Verhoek and F. Daniels (1). 
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Representative results obtained by students in this 
laboratory during the past year are given in Table 1. 


TABLE 1 
EQuiILisrium CONSTANTS FOR THE DISSOCIATION OF NITROGEN TETROXIDE 
AS OBTAINED BY STUDENTS WITH Four TyPICAL REACTION TUBES 


K at 34.5°C. K at 60.1°C. AH 
interpolated values calories 


12-8-33 0.280 1.63 14,000 
4-10-34 0.288 1.58 13,500 
4-13-34 0.285 68 14,100 
12-7-33 0.268 .64 14,400 
4-10-34 0.280 .66 14,100 
4-13-34 0.275 .73 14,600 
12-7-33 0.259 47 13,800 
12-8-33 0.266 64 14,500 
4-10-34 . 288 71 14,100 
4-13-34 . 280 .59 13,800 
12-7-33 .277 57 13,800 
12-8-33 . 259 .69 14,900 
4-10-34 .270 .60 14,200 
4-13-34 . 272 66 14,400 
Bodenstein . 287 65 13,900 


Tube Date 
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The results are seen to be in excellent agreement, con- 
sidering the fact that most of the students were juniors, 
for the most part inexperienced in the use of delicate 
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FIGURE 4.—GRAPH OF THE RESULTS CALCULATED IN 
TABLE 2 


apparatus, and that they were obliged, furthermore, 
to obtain all their measurements in a period of three 
hours or less. The values of K and AH for Table 1 
were obtained by making a log K vs. 1/T plot for each 
set of data and fitting a straight line to the set of points. 
The values of K at 34.5°C. and 60.1°C. were then read 
off. This treatment of the data for the purpose of 
comparing values obtained by different pairs of students 
with the same or different reaction tubes was necessary 
because the students were not required to make their 
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observations at any certain temperatures. The values 
of K ascribed to M. Bodenstein (2) were derived in a 
similar manner from the results of his careful experi- 
ments in which he used a spiral quartz gage. 

Table 2 shows the details of a single student experi- 
ment and illustrates the method of calculation using 
five-place logarithms. Figure 4 is the graph of these 
data. . 


TABLE 2 


StupENTS’ EXPERIMENTAL DATA AND CALCULATIONS OF THE EQUILIBRIUM 
CONSTANTS FOR THE DISSOCIATION OF NITROGEN TETROXIDE 


J. W. Clement Tube Number 4 April 10, 1934 
E. C. Price 


w 0.5092 
V_ 0.1727 liter 
M 92.02 


Manometer 
right, mm. 
left, mm. 

Difference 

Barometer, mm. 


log V1. 23729 
log Ms 1.96388 
log VM 1.20117 


log w 1.70689 
log R 1.79500 
log wR 1.50189 


897 .6 
657.5 
240.1 
742.1 
982.2 


59.1 
332.3 


52153 
50189 
02342 


99220 
20117 
19337 
02342 
16995 


4789 
.4789 


742.2 
552.7 
189.5 
742.1 
931.6 


53.6 
326.8 


51428 
50189 
01617 


96923 
20117 
17040 
01617 
15423 


4264 
4264 


625.3 
485.6 
139.7 
742.1 
881.8 


47.9 
321.1 


50664 
50189 
00853 


94537 
20117 
14654 
00853 
13801 


3741 
3741 


310.8 
271.1 

39.7 
742.1 
781.8 


ec. 35.9 
x 309.1 


log T .49010 
log wR 50189 
log wRT 99199 


log P 89310 
log VM 20117 
log PVM 09427 
log wRT .99199 
log (1 + a) 10228 


(1 + a) 2656 
a 2656 


468.5 
381.9 

86.6 
742.1 
828.7 


42.0 
315.2 


.49859 
50189 
.00048 


91840 
20117 
11957 
00048 
11909 


3155 
3155 


Pe DME = sore 
Sr OF he me to 
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.68024 
36048 


62982 
. 25964 


57299 
14598 


49900 
99800 


.42423 
. 84846 


log a 
log a? 


Nie 
NI ot 
om =a 
Lam = 
wel 


18182 
81818 


22934 
77066 


13995 
86005 


09954 
90046 


07054 
. 92946 


a? 
(1 — a’) 


2° 
oo 


2° 
2° 


-72125 
36048 
.99220 
.07393 
88687 
187 


538 
47847 
300.9 


72125 
25964 
. 96923 
.95012 
-91285 
.037 


090 
48572 
306.0 


72125 
14598 
94537 
81260 
93452 


72125 
99800 
91840 
.63765 
-95446 
683 .878 


482 0.755 
50141 3.49336 
317.2 311.4 


72125 
84846 
89310 
46281 
. 96823 
-495 


312 
50990 
323.5 


log 4/760 

log a? 

log P 

log 4a?P (atmos.) 
log (1 — a?) 

log K 

K 

log 1/T 


1/T X 105 


eID ICO OO 


oS Iii! 0 Ncw! 
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OO me OSORIO th B16 


This experiment may also be used to illustrate the 
calculation of the effect of errors in observation upon 
the possible error in the final results with the aid of 
differential calculus. The approximate percentage 


error in @ is given by: 


da 100 MPV dP 
The approximate percentage error in K is given by: 


1 wv ae 6 
dK 200 da dP 
100 Ft ee + 10S (6) 
For the particular set of data given in Table 2, the 
percentage error in a and in K is shown in Table 3. 
The symbol =dx/x is used to represent the sum of all 
the possible fractional errors in observation as given 
within the brackets in equation (5). As an example, 
assuming an error of one millimeter of mercury in the 
pressure, and no other errors, the percentage errors in 


aand K are given in Table 4. 





Jury, 1935 


TABLE 3 


FORMULAS FOR CALCULATION OF PERCENTAGE ERRORS IN @ AND K FOR THE 
Data oF TABLE 2 


10042 1002 
a K 


#) + 215% + 1004? 
a P 


a77(2@ 
zx 
se7( = 2 2332 + 100%? 
x a P 
a d aP 
300( = = 260— + 100 
x a P 


321 


TABLE 4 


PERCENTAGE ERROR IN a AND IN K, ASSUMING 1 MM. EXPERIMENTAL ERROR 


In P 


100%= 10022 1002 
(a a@ K 
0.128 1.44 
0.113 1.08 
0.102 0.92 


0.611 
0.417 
0.316 
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A GLASS MANOMETER for 
LABORATORY USE by STUDENTS 
in PHYSICAL CHEMISTRY 


T. E. PHIPPS, M. L. SPEALMAN, anno T. G. COOKE 


University of Illinois, Urbana, Illinois 


Detailed instructions are offered for the construction of 
an all-glass manometer of the type referred to herein as the 
“sickle” type. Altention ts called to possible uses of sucha 
gage in experimental work. 

+++ oo + 


HE NEED for an all-glass manometer relatively 

simple in construction and operation has doubt- 

less been apparent to many teachers of labora- 
tory courses in physical chemistry. The manometer 
described herein is not original with the authors, having 
been used by several investigators. However, no 
detailed account of a method of construction has ap- 
peared in the literature, so far as the authors are aware. 
The success with which the device has been used in a 
laboratory course in physical chemistry at the Univer- 
sity of Illinois has encouraged them to think that con- 
structional details of the manometer would be of interest 
to others. 

A brief description of various all-glass gages is 
given by F. Daniels (1). The gage attributed to 
C. G. Jackson (2) and G. E. Gibson (3) is similar to the 
“sickle” gage used by the present authors. In modern 
published work it is found that gages of this type have 
been employed by several photochemists. For ex- 
ample, R. G. W. Norrish (4) used it in a photochemical 
study of the union of hydrogen and chlorine; E. 
Ponsaerts (5) in studying the radiochemical synthesis 
of ammonia; and H. P. Smith, W. A. Noyes, Jr., and 
E. J. Hart (6) in their photochemical studies. The 
latter refer to it as a “pyrex gage of the Bodenstein 
type.” It appears, however, that the sickle gage 
should be credited to Gibson, since Bodenstein’s original 








b c 

FicureE 1.— INITIAL 
STEPS IN FABRICATING 
THE GLass GAGE 


* 

FIGURE 2.—INTERMEDI- 
ATE STEPSIN FABRICATING 
THE GLass GAGE 


gage (7) was of a coil type. Bodenstein and also 
F. M. G. Johnson (8) have credited the idea of the 
spiral gage to E. Ladenberg and E. Lehmann (9). 

Details of the method of construction of the gages 
used in this laboratory follow. 

A pyrex tube about 6 to 8 mm. in outside diameter 
and of standard wall thickness is cleaned with wet plugs 
of cotton, rinsed, and dried. A piece about 30 cm. long 
is fire-polished at one end and provided with a light- 
weight rubber blowing tube which is held in the mouth 
of the operator during the next step. The free end is 
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rotated forward and backward in a quiet oxygen 
flame, the end is drawn off and discarded, and the tube 
end is then melted until it has the appearance shown 
in Figure la. When the ball of glass is uniformly 
heated and is very soft, the operator sticks a small 
heated rod end, as shown in Figure 1), into the molten 
mass, removes it from the flame, and immediately 
begins a series of quick short puffs of increasing inten- 
sity which blow a thin-walled bulb of about the shape 
and capacity shown half size in Figure lc. As the bulb 
increases in size the elongation apparent in the figure is 
produced by drawing the molten mass slightly with the 
rod handle. The rod is now sealed off at e before 
proceeding to the next step, and the rubber blow tube is 
removed. 

A very soft oxygen flame is now directed inter- 
mittently (cautiously) against one side of the thin 
bulb. The flame size is reduced as the bulb is carried 
through the stages a, 6, and c in Figure 2; the final 
forming of the inner curve of the sickle is with an ex- 
tremely small soft flame. This caution is necessary in 
order to avoid any slight distortion of the outer surface 
of the sickle by radiation. Special care must be taken 
not to allow the flame to lick past the inner edge and 
produce a thickened, distorted edge, as illustrated in 
3b. A properly made sickle will exhibit an almost flat, 
ribbon-like inner surface and a sharp edge between this 
and the outside convex surface (which is the original 
undisturbed surface of the bulb). Figures 2c and 3a ex- 
hibit the finished sickle respectively from the side and 
the front. The rod 7 is 3 to 4 mm. in diameter and 
serves as the base for the stationary pointer. The 
sensitivity of the gage depends largely upon two con- 
structional factors: (1) the thinness, near the end, 
of the original bulb, and (2) the degree of flatness of the 
inner surface. 

The movable pointer may be made conveniently as 
follows. A pyrex rod is drawn by hand before the 
flame to about 1.5 mm. diameter. A section of this 
rod is sealed temporarily to a larger handle and sus- 
pended vertically. Heat is then applied near the lower 
end either with a micro oxy-hydrogen flame or, better, 
with an electrically heated loop of platinum wire. The 
end will drop, drawing out a fine fiber. With practice 
sudden tapers from 1.5 mm. to about 0.01 mm. can be 
produced. For very fine pointers the heating and 
drawing are best carried out in stages, the heated sec 
tion having a progressively smaller diameter. The 
stationary pointer is made by a similar method except 
that the taper is from a 3 or 4 mm. diameter down to 
approximately 0.01 mm. Figure 4 shows the method 
of assembly and alignment. The movable pointer m is 
sealed at a to the sickle. The stationary pointer s, 
of the form shown in the figure, is sealed temporarily 
with wax at b to the movable table, ¢, of a microscope 
stage, and the microscope is shifted until the two point- 
ers are in the field of vision, v. The length of s must 
have been adjusted previously so as to leave a slight 
gap at c when the pointers are in coincidence. With 
the adjusting screws of the movable stage the two 
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pointers are then brought very close together and ex- 
actly opposite. The clamp d permits small up-and- 
down adjustments of m. The gap at c is closed by 
allowing a drop of molten glass from the end of a rod to 
melt down upon the two ends. The melting-in is com- 
pleted with a small oxy-hydrogen flame. The sealing 
wax is now softened and the microscope table removed. 
After the sealing off of the extension for the wax seal at 
f, the gage is ready to be sealed into the apparatus as 
shown in Figure 1 of the preceding article. 


FIGURE 3.—CORRECT AND INCORRECT APPEARANCE OF THE Com- 
PLETED “‘SICKLE’”’ 








FIGURE 4.—FINAL ASSEMBLY OF THE GAGE AND ALIGNMENT OF 
THE POINTERS 


It is characteristic of these gages that they will 
withstand a greater difference of pressure operating in 
the direction to open up the sickle than in the direction 
to close it. Extremely sensitive gages were occasion- 
ally made which would withstand a vacuum outside 
and one atmosphere inside the sickle but which would 
be destroyed if the connections were reversed. 

When a gage was allowed to stand for several weeks 
at room temperature with a pressure difference of about 
200 mm. between the two sides of the membrane, a zero 
shift of the order of 0.05 mm. was observed. However, 
hysteresis during a period of a few hours was never 
observed. The effect of high temperatures on the 
membrane, and any possible change in sensitivity with 
temperature are two factors which have not as yet been 
investigated. 

Extreme sensitivity was not sought in the gages used 
for class work. If the sensitivity be defined by the 
expression dx/d Ap, where x is the displacement in mm. 
of the movable pointer and Ap the difference in pres- 
sure expressed in mm. of Hg, it was found that the 
sensitivities of the gages lay between 0.1 and 0.01. 
The error in aligning the pointers was of the order of 
magnitude of the diameters of the pointers them- 
selves; that is, about 0.01 mm. This introduced an 
error into the measurement of P of not more than 1 mm. 

One example of the use of this gage is given in the 
preceding article, and it seems that this gage could be 
used profitably in other laboratory experiments in an 
elementary course in physical chemistry. Further 
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applications are being investigated. The following 
list is representative: the measurement of the vapor 
pressure of a pure liquid over a rather wide range of 
temperature; the determination of the gas constant; 
the study of the rates or equilibrium constants of cer- 
tain gas reactions in which there are concomitant 
changes in the total number of mols of gas; the study 
of the decomposition of salt hydrates or other solids 
which decompose with moderate heating to give a 
gaseous product. It may be noted that the gage may 
be used to measure the pressure in an apparatus by 
merely sealing the sickle to the line, and connecting the 
mercury manometer to the outside tube. 
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RESULTS of a SHORT FIRST-YEAR 
COLLEGE COURSE for STUDENTS 
WHO HAVE HAD HIGH- 

SCHOOL CHEMISTRY 


LYLE O. HILL 


Central Y. M. C. A. College, Chicago, Illinois 


PAPER by Glasoe! on the residue of high-school 

knowledge utilized in college chemistry stimu- 

lated interest as to whether we are justified in 
separating our students into two groups for first-year 
college chemistry. At the Central Y. M. C. A. College 
we have given two courses in general chemistry for the 
past seven years. A one-semester course, which we 
number 111, is given for students who have had high- 
school chemistry. Only students who have had pre- 
paratory chemistry are eligible to enter this course and 
they do so with the understanding that we expect 
them to know some of the fundamentals of the subject. 
With three hours of lecture and four hours of labora- 
tory work each week for a semester the student is 
allowed four semester hours of credit. Students hav- 
ing satisfactory grades in this course are allowed to 
enter a course numbered 112 which consists essentially 
of qualitative analysis. 

The students who have not had high-school chem- 
istry are enrolled in a full-year course which is numbered 
101 and 102 for the respective semesters. Three 
semester hours of credit are allowed for each course 


1 GLASOE, P. M., ‘“‘Residue of high-school knowledge utilizable 
in college chemistry,’ J. CoeM. Epuc., 10, 571-4 (Sept., 1933). 


after the completion of eighteen weeks of work consist- 
ing of three hours of lecture and three hours of labora- 
tory work a week. The students who do satisfactory 
work in these courses may enrol in the course in 
qualitative analysis mentioned above. If the grades 
made in our course 112 by the students having the 
full-year course and by those having the one-semester 
course are compared with the grades these students 
made in the respective general chemistry courses, we 
should have an indication as to whether we are justi- 
fied in giving a short first-year course for those stu- 
dents who have had high-school chemistry. 

The tables below list the grades made by the stu- 
dents who have taken 101-102 and 112, or 111 and 112 
at the Y. M. C. A. College within the past five years.* 
These grades were taken from the registrar’s records. 
The classes have been conducted by four different 
teachers and each teacher has conducted each of the 
courses several times. 

The tables may be read in the following manner. 

* Those students who dropped before mid-semester are given 
L (Left) and these marks are not included among the grades in 
the tables on page 324. 


t I am indebted to D. H. Steward, Registrar, for the assistance 
rendered in carrying out this work. 





Eleven students who made A in 111 made the same 
grade in 112. Nineteen students who received a grade 
of A in 111 made a B in 112, etc. 


TABLE 1 
Grapes MADE IN CHEmistTRY 111 anp 112 


Number of 
Total Students 

D F in 111 
53 
158 
30 354 
18 179 
81 


54 825 


Grades in 112 
c 


TABLE 2 


Graves Mabe IN CHEMISTRY 102 anv 112 
Number of 
Students 


Grades 
in 102 


Grades in 112 
in 102 c 


Total 

3 15 

7 22 
15 30 

3 5 
28 rf 72 


TABLE 3 
Grapes MapE By ALL STUDENTS IN CHEMISTRY 112 
A B Cc D F Total 
79 204 327 113 60 783 


From the above tables it may be seen that the failures 
among students in 112 who had passed 111 were 7.1 
per cent., and the failures among students in 112 who 
had passed 102 were 6.9 per cent. Very few students, 
however, who had low grades in 102 continued with our 
more advanced chemistry course. Of all the students 
completing 102 who continued with 112 only 6.9 per 


JOURNAL OF CHEMICAL EDUCATION 


cent. were D students in our more elementary course. 
At the same time, of the students completing 111 who 
continued with 112, there were 17.8 per cent. who were 
D students in the elementary course. These considera- 
tions would cause one to expect a much higher per- 
centage of failures among the students of the latter 


group. 
From the tables the following computations were 


made: 


Average of all students in 111 1.91 grade points* 
Average in 111 of students who later took 112.... 2.21 “ - 
Average of all students in 102 2.17 

Average in 102 of students who later took 112.... 2.65 

Average in 112 of all students, including transfers... 2.16 

Average in 112 of students who completed 111.... 2.15 

Average in 112 of students who completed 102.... 2.42 “ 
Coefficient of correlation, 111-112 group (Table 1) 0.49 + 0.05 
Coefficient of correlation, 102-112 group (Table 2) 0.67 = 0.03 


© 90 NS Or wm 09 bo 


The average grade points as listed above seem to be 
significant from the following standpoints: 

(1) The difference between the average grade points 
in 111 and 112 is 2.21-2.16 for students who have had 
both courses, or a drop in average of 0.05 grade points. 

(2) The difference between the average grade points 
in 102 and 112 is 2.65-2.42 for the students who have 
had these courses, or a drop of 0.23 grade points. 

Although the coefficient of correlation for the 102-112 
group is higher than that for the 111-112 group, the 
difference is probably not significant. 

In view of the above information we feel justified in 
considering the preparation of students who have had 
high-school chemistry and our one-semester general 
chemistry course as equivalent to that of the students 
who have had a year of college chemistry with us. 


* Grade points are as follows: A,4; B,3; €,2; D,1; F, 0. 





dn EXPERIMENT on CHEMICAL 
EQUILIBRIUM for BEGINNERS 


LAWRENCE P. EBLIN 


The Ohio State University, Columbus, Ohio 


Complete directions are given for an experiment on 
chemical equilibrium to be performed by students of 
general chemistry. An introduction includes a statement 
of why such an experiment has been designed, and a sum- 
mary of the purposes which it serves. The experiment has 
been used for two years at Ohio State in classes which have 
had high-school chemistry. 


+++ ore tr 


LL TEACHERS of chemistry will probably 
agree that a true appreciation of the nature of 
chemical equilibrium is necessary for the under- 


standing of chemical phenomena. However, the begin- 


ning student is often expected to gain this appreciation 
from a mere study of those portions of his text in which 
equilibrium is discussed. There seems to be a sad 
dearth of laboratory experiments designed for the ex- 
press purpose of providing the student with a concrete 
basis on which to construct his concept of chemical 
equilibrium. Experience with freshmen at this univer- 
sity has resulted in the belief that the exercise on 
equilibrium in the laboratory manual of McPherson, 
Henderson, and Evans! could be expanded and revised 
to meet the purposes which have evolved from our 

1 McPHERSON, HENDERSON, AND Evans, ‘‘Laboratory manual 


to accompany the fourth edition of ‘A course in general chemis- 
try,’ ’ Ginn & Company, Boston, 1934, p. 87. 





Juty, 1935 


teaching. Two years ago such a revision was under- 
taken, and experience in teaching the experiment since 
that time has justified expectations. 

The purposes determining the organization of the 
experiment may be summarized as follows: 

(1) To make clear the distinction between reversible 
and irreversible reactions. 

(2) To instil an understanding of the nature of 
chemical equilibrium and the part that it plays in 
reversible reactions. 

(3) To show that hydrolysis is to be understood as 
one type of equilibrium. 

(4) To keep manipulative details on a simple 
basis. 

(5) To encourage extensive use of the chemistry 
text at the same time that the experiment is being per- 
formed. 

In the organization of the experiment, valuable 
assistance and advice have been given by fellow labora- 
tory instructors. Appreciation is especially due to Mr. 
Sherman E. Smith and Dr. W. C. Fernelius. 

The directions are furnished to the student in the 
following form. 


EQUILIBRIUM AND HYDROLYSIS 


The report for this experiment shall consist only of the answers 
to the twenty-five numbered questions. These answers are to 
be in the form of complete sentences which are as brief as is con- 
sistent with completeness. 

I. AnTrreversible Reaction. To 5cc. of silver nitrate solution 
add a few drops of dilute hydrochloric acid. The precipitate 
formed is silver chloride. (1) Write the equation. (2) Define 
“precipitate.”’” Allow the solid to settle, then decant the super- 
natant liquid. Now add 5 cc. of dilute nitric acid to the pre- 
cipitate. Is silver chloride soluble or insoluble in nitric acid? 
(3) What condition permitted the first reaction to go to comple- 
tion? 

II. A Reversible Reaction. Set up an apparatus for preparing 
carbon dioxide, consisting of a test-tube generator, a thistle-tube, 
and a delivery tube. Place 5 cc. of lime-water in another test- 
tube. Insert the delivery tube from the generator to a point 
about 1 cm. from the surface of the lime-water. Place a small 
piece of marble in the generator and cover with water. Add 
dilute hydrochloric acid drop by drop through the thistle-tube, 
and as the action proceeds in the generator, gently shake the 
test-tube containing the lime-water. (4) Write the equation 
for the reaction in the generator and explain why the reaction 
goes to completion. (5) What forms in the test-tube containing 
the lime-water? (6) Write the equation for the reaction leading 
to its formation. (7) Why does this reaction go to completion? 

Continue to generate carbon dioxide and to shake the test- 
tube until a further change occurs. (8) Write the equation 
for this further reaction (consult text). Now warm the test-tube 
over a Bunsen flame. (9) Write the equation for what you now 
observe and state two conditions which permit the reaction to 
go to completion. 

III. Neutralization. In your high-school chemistry course, 
you have learned that acids change (red, blue) litmus to (red, 
blue) and that bases change (red, blue) litmus to (red, blue). 
(Underscore the correct words.) (10) What name is given to 
the type of substances represented by litmus? You have also 
learned that if an acid solution is carefully added to a solution 
of a base, a point is reached at which neither red nor blue litmus 
changes color. (11) What is this point called? What is the 
name given to this type of reaction? (12) What condition per- 
mits this type of reaction to go to completion? 

IV. Equilibrium. Obtain about 5 cc. each of solutions of 
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ammonium thiocyanate and of ferric chloride. What is the 
color of each of these solutions? Pour one cc. of each solution 
into a beaker containing 50 cc. of water. What do you observe? 
The equation for the reaction is: 


3NH,CNS + FeCl; — Fe(CNS)s + 3NH,Cl 


What is the color of a solution of ammonium chloride? (Prepare 
a small portion of such a solution if necessary to answer this 
question.) (13) Decide which compound is responsible for the 
color when ferric chloride and ammonium thiocyanate solutions 
are mixed, and justify your answer. 

Half fill four test-tubes with the colored solution obtained 
above. Retain one tube for comparison. To a second tube 
add one or two cc. of the ammonium thiocyanate solution. 
What is the effect upon the intensity of the color? To a third 
tube add a small portion of the ferric chloride solution, drop by 
drop. What effect does this have? (14) What do you conclude 
as to the effect upon a reaction, of increasing the concentration 
of one of the reactants? (15) State the Law of Mass Action 
and apply it to this particular case. 

To the fourth tube add 2 or 3 g. of solid ammonium chloride. 
In the light of the above you are in position to explain what you 
now observe. (16) Briefly, what is the explanation? You have 
now shown experimentally that the reaction is a reversible one. 
(17) Rewrite the equation, making such a minor addition as to 
symbolize the reversibility. What is meant by the ‘‘Equilibrium 
Constant’? (Consult text.) (18) At what point does a reversible 
reaction attain equilibrium? (19) What is the relation between 
the speeds of the forward and reverse reactions at the point of 
equilibrium? State the principle of Le Chatelier and apply it to 
this particular equilibrium. 

V. Hydrolysis. Place a few crystals of bismuth chloride 
in a beaker and add about one cc. of water. What do you ob- 
serve? The equation for the reaction is: 


BiCl; + H.0 @ BiOCl + 2HCl 


Test the reaction so as to justify the double arrow and (20) re- 
cord your results. Which one of the four substances involved is 
insoluble in water? 

What name is given to the above type of reaction, in which 
water (the solvent) is a reactant? When a similar reaction oc- 
curs in which alcohol is the solvent and also takes part in the 
reaction, the reaction is known as “‘alcoholysis.” If liquid am- 
monia is the solvent and reacts with the solute, the reaction is 
known as one of “ammonolysis.”” (21) What general name do 
you suggest for reactions in which a solvent decomposes a 
solute? 

VI. Typical Hydrolytic Reactions. Test the action of a small 
quantity of sodium carbonate solution upon red and upon blue 
litmus papers. Write the equation for the reaction of sodium 
carbonate with water, then explain the effect upon litmus. 
(22) Make a general statement relating hydrolysis and neu- 
tralization. + 

Test the action of sodium bicarbonate solution upon litmus. 
Since the compound contains replaceable hydrogen, how do you 
explain what you observe? 

Test the action of a small portion of cupric sulfate solution 
upon litmus. (23) What do you conclude as to the strength of 
the base Cu(OH)2? 

Dissolve a small quantity of ammonium carbonate in a few cc. 
of water, and heat the solution. Note the odor produced and 
from this identify one of the gaseous products. Pass the mixed 
gases into lime-water to identify the other gas. (24) Write the 
equation for the hydrolysis of ammonium carbonate. Why are 
the gaseous products not identical with the products of hydrolysis 
as indicated by the equation? 

Make a test for the action of sodium chloride solution upon 
litmus. Explain the results. 

There are four classes of salts: (a) salts of strong acids and 
weak bases; (b) salts of strong acids and strong bases; (c) salts 
of weak acids and weak bases; (d) salts of weak acids and strong 
bases. (25) Which ones of these four types undergo hydrolysis? 
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III. PROBLEMS OF POTENTIAL BARRIERS 
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HE LOGIC of the S. method and its applications 

may be understood most readily by a considera- 

tion of a very important class of problems—those 
of the transmission of electrons through potential bar- 
riers. The recognition that it is possible, on the basis 
of the new point of view, for electrons, possessing a 
given kinetic energy, E, to penetrate into a region for 
which the potential energy U exceeds E—this conclu- 
sion, derived on the basis of the S. equation, has en- 
abled us to interpret such observations as those on 
radioactive disintegration and the emission of electrons 
from cold cathodes in the presence of high field 
strengths. ; 


REFLECTION OF ELECTRONS AT SEMI-INFINITE POTENTIAL 
BARRIERS 


The simplest problem, which at the same time illus- 
trates the difference between the conclusions which 
would be drawn from arguments based on classical 
mechanics and those derived on the basis of the S. 
equation, is that of a beam of electrons incident on a 
boundary, at which the value of the potential energy 
increases abruptly from 0 to U. 

Let us consider a homogeneous beam of electrons of 
kinetic energy, E, moving along the x-axis from left to 
right, and incident at x = 0 on a boundary at which 
there is a retarding potential, U = Up for all values of 
x = 0. Two distinct cases arise here; one, illustrated 
in Figure 9, for which U) < E, the other, illustrated 
in Figure 10, for which UZ) > E£. 

In Case I (U, < E), according to classical mechanics, 
a particle passing from left to right would merely be 
slowed up in crossing the boundary at x = 0. On the 
other hand, in case II (U) > £), there would be com- 
plete reflection. While quantum mechanics also shows 
that there is a difference in the behavior of the particles 
in these two cases, certain conclusions are deduced 
which are different from those predicted by classical 
mechanics. 


CaseI. E> Uy. 
Let us designate the region to the left of x = 0, 
(U = 0) by I, that to the right of x = 0, (U = N) 


* This is the third of a series of articles presenting a more de- 
tailed and extended treatment of the subject matter covered in 
Dr. Dushman’s contribution to the symposium on Modernizing 
the Course in General Chemistry conducted by the Division of 
Chemical Education at the eighty-eighth meeting of the American 
Chemical Society, Cleveland, Ohio, September 12, 1934. The 
author reserves the right to publication in book form. 

Problems correlated with the subject matter of this article will 
be found on this month’s Mathematical Problem Page (p. 344). 


by II. Let ¢; and de denote the wave functions for 

each of these regions. Each of them will satisfy a S. 

equation, which will be of the form 
d*o1 8r7u 


ae + pe Fa =0 


dx? (52) 


for region I, and 
d*h. , Sr2u 
ate FCs 


for region IT. 
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FicurRE 10 
Semi-infinite potential bar- 
rier; Case E < Up. 














FIGURE 9 
Semi-infinite potential bar- 
rier; Case E > Up. 
The solutions of these equations are 
gd: = Acar + Bear 
gd: = CeB* + Deb 


8r2uE 


= i 


2 
; and 6? - or (E — Uo) 


Now we introduce the boundary conditions which 
have to be satisfied by ¢: and ¢2, in order that the solu- 
tions shall be physically significant. The first condi- 
tion is that at x = 0, 


oi = oe (56) 


That is, there can be no discontinuity in the value of 
the wave function at the boundary. 

The second condition is that there shall be no dis- 
continuity in the slope, that is, 


do, _ U2 


dx dx (57) 


These two conditions are necessary in order to in- 
sure the continuity in the nature of the wave function 
as it crosses the boundary at x = 0. Furthermore, we 
know from the physics of the problem that the incident 
beam of electrons may give rise to two streams, one of 
which represents the electrons that are transmitted 
from region I into region II, and the other represents 
the electrons reflected at x = 0. From the considera- 
tions advanced in previous sections, it follows that the 
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incident beam must be represented by Ae**, the re- 
flected beam by Be~‘**, and the transmitted beam by 
Cé®*, Since there are no electrons moving from right 
to left in region II, D = 0. 

Hence, introducing this conclusion along with the 
two boundary conditions into (54) and (55), we obtain 
the relations: 

A+B 


fe: Boe (58) 


Hence, 


and therefore, 


br = Alda + 28 (60) 


‘ ¢~tat) 


9 
ae «gis (61) 


lea 


Thus, if the concentration, that is the number of 
electrons per unit distance, is equal, in the case of the 
incident beam, to A?, then it follows that 

(a) the concentration in reflected beam = A ( - “ A) 

Qa 
(b) the concentration in transmitted beam = 
pe. ae 
(a + B)? 


To obtain the coefficient of transmission, D, and that 
of reflection, R, we must compare the “‘currents’’ in 
the three beams. The rate at which the electrons strike 
the potential barrier is equal to the sum of the rates 
of transmission and reflection. 

Now current = (concentration) x (velocity). 

For region I, the velocity v; is given by 


h 
1 = V2E/z = Ps 


while for region II, it is 


h 
%& = V 2(E _- Uo)/u = x 


(62) 


Therefore, 


_ a? — 208 + 6? 
(a + 8)? 


4aB 


(63a) 
(636) 


and evidently R + D = 1, which satisfies the physical 
requisites. Replacing a and 6 by the corresponding 
values in terms of E and U,, it is readily shown that 


1-vVi — U/E\' : 
R= tls. 
(: +vV1-—- aL wa) 





‘ 
Table I gives values of R for different values of U)/E 
as derived by means of equation (64). 


TABLE 1 
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R 


0.0007 
0.0034 
0.0161 
0.0296 
0.0506 
0.0852 
0.1459 
0.270 

1.000 
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Classical mechanics predicts the result RK = 0 for 
all values of E 2 Uo; quantum mechanics states 
that even for E = 2.5 Up, 1.61 per cent. of the incident 
electrons are reflected. 


Case lI. Uy > E. 
As in the preceding case we consider the two S. 
equations: 
d*p Sry 
aa + Ean 0 


S22 
+ a (E — Ur) = 0 


(65) 


d*2 
dx? 
The solution of (65) is, as before, 
gi = Acar + Be-iaz 
where 


» _ SryE 
a= 


In equation (66a) Up is greater than £ and, hence, 
the momentum and corresponding de Broglie wave- 
length are imaginary. If we write the equation in the 
form 

8r?u 


d*$o - 
P= ao Fp (Uo — Edda = 0 (66) 
where U, — E is a positive quantity, the general solution 
may be written, by analogy with equation (22), as 


do = Cex + De-bx (68) 
where 


2 
a Uo — E), and B is real. 


6? = 
Equation (68) represents the sum of a function Cé* 
which increases exponentially with increase in x, and 
another function De-** which decreases exponentially 
in the same region. Now purely physical considera- 
tions show that if any electrons actually penetrate into 
region II, as is indicated by the solution ¢2, then the 
concentration of these electrons must decrease rapidly 
with increase in x. Hence, we must put C = 0. 
Applying the boundary conditions stated in equa- 
tions (56) and (57), we deduce the relations: 


A+B=D, 
ia(A — B) 


(69) 


That is, 
A-B 


Therefore, 





D 18 -tar 
3(1 . ee 


oe tar _P.B fat wa gitar 
=3€ +e 2 _ — 


Ais 
= Dcos ax — D-= sin ax 
Qa 


~ p VEER 
a 


ean Jaa sin ox a) 
= D v/1 + B?/a? cos (ax + 5) (70) 
where 
a . B 
cos 6 = Vat + Bt sin 6 = Va + BP 


Consequently, the concentration per unit length in 

the region x < 0 is (since ¢; is a real function) 
Q= 1 fier = pit BY/a*) © at + B%/a*) (71) 
wr JO rg 2 2 

Equation (68), with C = 0 and D real, shows that 
there is a definite probability for the occurrence of the 
electrons in the region U > E. The total probability of 
the occurrence of electrons in this region is 


P ” bn'd ° pr--282 = DP" 
- [rouen [rome 8 


The ratio P/C) gives, as E. U. Condon! terms it, 


(72) 
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Form of eigenfunction for penetration in region E < U. 


“a kind of mean depth of penetration of the particles 
into the non-classical region.’’ It is evidently 


P a? 
Co B(a? + 6?) (73) 
and varies from 0 for E = 0 to © as E tends to become 
equal to Up. The particles, of course, do not stay 
in region II indefinitely but ultimately return to region 
I. Also it is evident that with the increasing value of 


1. U. Connon, Rev. Modern Phys., 3, 43 (1931). 
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the ratio U)/E (corresponding to increasing values of 
B/a) the relative probability of penetration, as defined 
by equation (73), decreases until for 8 = ©, this prob- 
ability becomes zero, that is, there is no penetration 
of particles into the “forbidden” region. 

Figure 11 shows a plot of ¢: and ¢» for the case Uy) = 
2E. These curves were derived as follows: 


ax = Qnx/h = 2ar . 
where 
N=h//2QuE and r =<x/d. 
B= av/ U,/E - 1. 


Bx = 2nr»/U)/E — 1 = 2ar 


Also 


Hence 


in this case. 
Thus cos 6 = sin 6 = 1/*/2; 8 = 2/8 and the corre- 
sponding value of r is 0.125. 


It follows that 
d: = Dr/2.cos 2n(r + 0.125) 
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FIGURE 12 


Illustrating behavior of electron in potential ‘“‘box.” 


while 
go: = De-*r, 
For 
r=0; =m =D, 
and P 
1 _ ddr 
op = 2D = oi 
It will also be observed that Cj) = D? is the concentra- 
tion per unit length in the region U = 0. 


ELECTRONS BETWEEN SEMI-INFINITE POTENTIAL 
BARRIERS 


A problem which may be considered at this stage is 
that of an electron in a potential “box.” This is illus- 
trated in Figure 12, for the case in which U = 0 for 
the region x = —atox = +a, and has the value U > E 
at all points (extending to — © and + ~) outside this 
region. What will be the behavior of an electron con- 
fined in such a region which we assume to extend to in- 
finity along the y- and z-codrdinates? 


2 The solution of this problem is given by J. FRENKEL, ‘‘Ein- 
fiihrung in die Wellenmechanik,’”’ Julius Springer, Berlin, 1929, 
pp. 52-5. 
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The problem is of importance for at least two rea- 
sons. Firstly, an electron confined between two poten- 
tial barriers, such as those assumed in the present case, 
must present similarities in its behavior, with the be- 
havior of an electron bound by the electrostatic field 
around a positively charged nucleus. Secondly, the 
problem resembles, in its simplest aspects, that of elec- 
trons in a metal. In this case, as is well known, the 
kinetic energy of the electrons (Z) begins to exceed the 
work-function (Vo) for emission, only at higher tem- 
peratures, and the increase of emission with temperature 
corresponds to an increase in the number of electrons 
in the metal which possess a kinetic energy greater than 
or equal to the work function. 

In the case shown in Figure 12 we have to consider 
three regions: (1) that extending from x = —a to 
x = +a; (2) that from x = +atox = ~; (8) that from 

= —atox = —©. Let us write, 
es Sr2uE 
2. 


2 
pt = = *(y, — B), 


where, as in the previous case, since U) > E, 6? is a posi- 
tive quantity. 
The solutions of the S. equation are given by 


dr = Adat + Be-ias 
gu = Ce, 
which makes ¢y vanish for large positive values of x, 
gu = De, 
which makes ¢i vanish for large negative values of x. 
Applying the continuity relations for x = a, we have 
gi = $1 
dg _ don 


dx dx 


From these relations and from similar relations for 
x = —da, we obtain the four equations, 


Acas 4 Bemiaa = Ce-fa (i) 
Ac~iae 4 Bela = Defa (ii) 
ta(Aciaa — Be-iat) = —BCefo (iii) 
ta(Ae-tae — Beiat) = BDe~Bo (iv) 
which is a system of four linear homogeneous equations 
in the unknowns A, B, C, and D. 
From (i) and (ii) by addition, 
2(A + B) cos aa = (C + D)e~6s, (v) 
From (iii) and (iv) by subtraction, 
2a(A + B) sin aa = B(C + D)e-6s, (vi) 


Hence 
tan aa = B/a. (74a) 
Again, from (i) and (ii) by subtraction, 
2i(A — B)sin aa = (C — D)e-82 (vii) 
and from (iii) and (iv) by addition, ; 
2ia(A — B) cos aa = —B(C — D)eho (viii) 


Hence 
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tan aa = —a/Bs (75a) 
If (74a) is valid, then it follows from (vii) and (viii) 
that 
A=B; C=D =2A&* cos aa. (745) 
From (74d) and (v) and (vi) it follows that 


A= —B; C= —D = 2Ai&* sin aa (75d) 


We thus obtain two sets of values of the constants, 
which satisfy the boundary conditions of the problem. 
The corresponding eigenfunctions in the case of equa- 
tions (74a) and (746) are 
(-—a $x Sa) 

(x > a) 

(x < —a) 


¢1 = 2A cos ax 
gu = 2A cos aa-e-B(? — 2) (76) 
gut = 2A cos aa- Al? + 2) 
While in the case of equations (75a) and (75d), the 
eigenfunctions are 
dr = 27A sin ax 
gu = 2tA sin aa-e~B( — 9) 


= —2tA sin aa-eA(= + 2) 
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FIGURE 13 FIGuRE 14 


Antisymmetrical eigenfunc- 


Symmetrical eigenfunctions 
tions for electron in ‘‘box.” 


for electron in ‘‘box.’’ 


Equations (74a) and (76) thus represent one type of 
vibration, in which for x = 0, ¢, = 2A, and for x = 
+a, ¢, = 2A cos aa, while (75a) and (77) represent 
another type of vibration in which for x = 0, dr = 
0, and for x = +a, ¢,; = 2A sin aa, while for x = —a, 


¢ = —2A sin aa. For the first type of vibration ¢, 
has the same value for +x and —x (see Figure 13) and is 
known as an “even” function, while for the second type 
of vibration, ¢; is antisymmetrical with respect to a 
change from + 2 to —x (see Figure 14) and is known 
as an “‘odd”’ function. 

It will be observed that in both these cases there is 
a definite probability of penetration into regions for 
which U) > E. These probabilities are determined 
by the magnitudes of $14, and ¢y1¢,; as functions 
of x. 
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In the limit, for 8 = ™, that is Uo infinitely great, 
«~*4* = 0, and there is no penetration into the regions 
outside the ‘“‘walls’” at +a and —a. Under these con- 
ditions the relation 


tan aa = B/a (74a) 


requires that tan aa = © for B/a = o~. 
That is, aa must be equal to an odd multiple of 1/2 
and therefore 


cay a Las 2 
a 5g 2m +1); @ agit?” +1) 


where n = 0, 1, 2, etc. 
Since 
a? = 8rtuE/h? 


it follows that 


ee ne een 

7 2a 8. \2Qa) Bu 

where m = 2n + 1, is an odd integer. 
Similarly the relation 


—a/B (75a) 


—o for B = o~. 


tan aad = 
requires that cot aa = 


That is, aa must be equal to an even multiple of 7/2, 
and therefore 


a= x (2n), 


: 2n\? h? m\? -h? 
E= (3) a ~ (&) se 

where = 1, 2, etc., and m = 2n is an even integer. 
Equations (78) and (79) signify that an electron be- 
tween two potential boundaries, U; > £, will behave 
in much the same manner as a stretched string. The 
electron in the box cannot have a continuously varying 
set of values for the kinetic energy, Z, but rather these 
energy values will form a series of discrete values, which 
for U, infinitely large compared with £ is defined by 


the relation 
i m\? h? 
bn = (7) & 


where m = 1, 2, 3, etc., and d = 2a, denotes the dis- 
tance between the two boundaries. 

These are the eigenvalues corresponding to the 
eigenfunctions: 


(79) 


(80) 


¢3 = 2A cos (2rx/)d) (81) 


and 


oa = 2Ai sin (24x/) (82) 


where 


h 
= = de Broglie wave-length, 


= 
V QuEm 


= 2d/m = 4a/m. (83) 


Thus ¢s (the even function) corresponds to the odd 
values of m, while ¢, (the odd function) corresponds to 
the even values of m. These relations are evidently 
identical with those deduced previously for the wave- 
lengths of the vibrations of a stretched string. 
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Figures 13 and 14 show the symmetrical (or even) 
and antisymmetrical (or odd) eigenfunctions, respec- 
tively, corresponding to values of m ranging from 1 to 
4. It will be observed that in each case the number of 
nodes (that is, points at which ¢ = 0) is equal to m — 1. 

We shall now attempt to interpret the meaning of 
¢s or da. According to the point of view of quantum 
mechanics, ¢¢dx is the probability of occurrence of the 
particle or particles in an element dx at the point x. 
In the present case 


¢s¢3 = 4A? cos? (24x/X), 


and 
aba = 4A? sin? (2xx/d). 


Now, if we wish to describe an experiment in which 
we know that there is just one electron in the box, we 
must determine the value of A to be such that the 
total probability of finding the electron in the region 
—atox = +a is unity. Hence 


i dsésdx = 1 = sa?" cos? (2rx/d)dx 
—@¢ —a 


x= 


r mr 
-(_ ‘ cos? 6d 


The limits x = —a and x = a are evidently identical 
with the limits x = 0 and x = 2a, and these are identical 
with the limits @ = 27x/A = O and 60 = 4ra/\ = mr, 
as shown by equation (83). 


feos" 6d@ = ffsint 6d0 = x/2. 
0 0 


Therefore 
\X mr 
= Bs atind eae 2. r/< 
1=4A4 a9 4A?-m)/4 


2 5 
24 = T= 4/2 
d 


where d = 2a, the distance between the boundaries. 
The same result is obtained from (82) by consider- 


ing the value of 
a - 
f gapadx, 
—@ 


This procedure, which consists in determining the 
value of the coefficient 2A which will make the total 
probability equal to unity, is known as normalization 
of the eigenfunction, and when equation (81) is written 


in the form 
4? *cos (2rx/d) 


the right-hand side is said to be the normalized form 
of the function, while ~/d/2 is known as the normalizing 
factor. In this equation, \ varies inversely as VE, 
according to equation (83), and both d and \ could be 
expressed in terms of the eigenvalue £,,, thus: 


2 24x-+/QuE 
on “, Em 
($3)m ‘mh (2uEm)* 4.cos i 

where m = 1, 3, 5, etc. The normalized eigenfunc- 
tions (¢4)m Will have the same coefficients with m = 
2, 4, 6, etc., and the sine replacing the cosine functions. 


and (84) 


¢3 = (85) 


(86) 
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As N. F. Mott has pointed out,’ the eigenvalues £,, 
are very close together if d is of ordinary dimensions. 
But as d is decreased toward atomic dimensions, the 
value of the lowest energy level, Z;, increases and the 
spread between levels also increases. 

These conclusions are evident from a consideration 
of equation (80). For an electron in a box for which d 
= 2cm., 


eo (6.55 X 10-%7)3 
7" ES (SSCP Claes 


m? X 1.49 X 10-* ergs. 
On the other hand, ford = 2 X 10-* cm., 


_ m* X 149 X 10-7 
En = 10-16 


_ m* X 1.49 X 10-4 
~ 1.591 X 107% 


9.15 e. v. for m = 1. 


= m? X 1.49 X 10-" ergs. 





= 9.15 m? electron volts 





(The electron volt is the kinetic energy acquired by an 
electron when accelerated through a potential differ- 
ence of 1 volt.) 

The energy for the excitation of the first energy level 
in atomic hydrogen is equivalent to 10.12 electron volts, 
which is of the same order of magnitude as the energy 
corresponding to m = 1 for anelectron in the cased = 2 
x 10-8 cm. As mentioned previously an electron 
bound in a hydrogen atom by the field due to the 
nucleusresembles an electron between potential barriers. 
Thus, the solution of this latter problem accounts, 
qualitatively at least, for the experimental observation 
that the electron in the hydrogen atom exhibits a 
series of discrete energy values. 

An interesting mathematical deduction from equa- 
tions (81) and (82) should be mentioned in this connec- 
tion. 

Starting with the function 


* (=) mei (3) 
dm = COS r = 2a 


let us consider the integral 


‘a 2a myrx MonX 
=f cos (BE ) cos ( 2a Jes, 
where m, is not equal to mz, (mi ~ me). 
From trigonometrical formulas it follows that 


I= af, cos} (m o mee kds a 3, cos} (m mage de 
2a ey. mx 
= goctoeg aay Jb d sin (ms + m:)pe + 


Bm =m So 28) — mel =o 


since sin (m, + m2)r = sin (mm — m)x = sin 0 = 0. 

The eigenfunctions ¢,, and m,, where m ~ mm 

are said to be orthogonal to each other, and we can gen- 

eralize this result by the statement that the different 
‘ 


3.N. F. Mort, “An outline of wave mechanics,” Cambridge 
University Press, 1930. 
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eigenfunctions, corresponding to different values of m, 
form an orthogonal set, that is 


ele ee ee 
f, dmomax = 


where the integration is carried out over the whole 
range in which the functions have physical significance 
and the bar over the second function indicates that 
when ¢,, is a complex function, the conjugate complex 
of the second function is to be used in the integration, 
since only in this manner can the product be made to 
indicate a real value. 

On the other hand, for any normalized eigenfunction, 


as shown already, 
21 = 
f, dmd¢m ax = 1. 


The trigonometric functions constitute the simplest 
types of orthogonal functions. Thus, we have 


(m1 # me) 


2a 2x, ; 
§ cos mx-cos nxdx = 4s sin mx-sin nxdx 


2a. 
= s sin mx -cos nxdx 


= 0 for m ¥ n. 


Qa 2r 
, cos? nxdx = 5 sin? nxdx = + 


: sin x sin mx cos x cos nx 
Thus the set of functions —=»’ ——~— =» —= 
Va Va Va Ve 


whereas 


form a normalized orthogonal set in the interval 0 to 
2r. 

In treatises on quantum mechanics it is shown that 
the different eigenfunctions $1, ¢o, .... ¢, ...., COor- 
responding to the eigenvalues F), Fo,....£,,.... which 
are obtained as solutions of the S. equation for any form 
of the function U(x), form an orthogonal set. This is 
also true for the case in which U and ¢ are each func- 
tions of two or more coérdinate variables. 


TRANSMISSION OF ELECTRONS THROUGH POTENTIAL 
BARRIER OF FINITE EXTENT 


The simplest case of a potential barrier of finite 
thickness is that illustrated in Figure 15, where U = 0 
for x < 0, U = U) for the region x = 0 to x = a, 
and U = Ofor x > a. 


Cassel: E> UG 


We now write down the S. equation for each of the 
three regions and the corresponding general solutions. 


2 
TP + at, = 0 


(Region I) dx 


where 
2. SeuE 
a= i? . 
Solution is 
o1 = Aciax + Be-iax 


d*911 


(Region IT) Te + Bon = 0 





where 
gt = 8r'u(E — Up) 
_—_— 


Solution is 
ou = CeiBx + De —ibx 


Port 


ont = 
Gaz + Out 0 


(Region III) 


Solution is 


gut = F-¢ax (89) 


since the beam of electrons is transmitted from region I 
through II and III, and there are no electrons moving 
from right to left in region ITI. 
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Ficure 16 
Illustrating penetration of 
particle through barrier of 
arbitrary shape. 
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FicurE 15 


Illustrating penetration of 
particle through rectangular 
potential barrier. 


Postulating as in the previous problems that at 


x = 0, 
dr = ¢1, 


d¢i/dx = dou/dx, 


and atx = a, 
ou = $11, 


d¢rur/dx = dorn/dx, 


we derive the relations, 


CL (1/2) ( 1+ scala 


= (1/2) (1 - ciate) a 
~ cin [(s +8) $+(1— 99] 


$= oo[(s~£)$+(1 +299] 


The number of electrons incident per unit time on the 
barrier at x = Ois 


IS ye QS fy 


q; = |A| 24, 
where | A |* denotes the concentration per unit length 
of electrons traveling in the direction of increasing 
values of x, and v is the velocity. That is, » = J/ 2uE 
= ha/(2m). (As mentioned previously, the notation 
|A|? is used to designate the numerical value of AA.) 
This incident beam is partly reflected at x = 0, and 
the rate at which electrons are reflected is given by 
i r= |B|*00. 
The rate at which the electrons are transmitted into 
the barrier is given by 
I, = |Cl*o 
where 
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v= V2u(E — Uh) = hB/2z. 


This transmitted beam is partly reflected at x = a, 
and the rate of reflection is 


I’, = |D|% 
while that of transmission into the region x > a is 
I,’ = |F |209 


Thus, the net transmission-coefficient for electrons 
incident on the barrier at x = 0 is giyen by 


T = |F/Al? 


Since only ratios of constants occur in (90) we will 
put F equal to unity, and hence, the transmission coef- 
ficient for electrons through the barrier is given by 
|1/A|*. From the relations (90) it follows that 


A=(1/4) [(@ + ale + s )éata—6 


+. (1 = e\(1 = $)ciota+0) | 
|Al? = AA = (1/16) [@ +2) + 2)'+ (1 2) -3) 


In this equation we may replace the exponential term 
by cos 2a8 = cos (4ra/d) where d is the de Broglie 
wave-length inside the barrier, corresponding to the 
velocity v = V2(E — U) = hB/2r. 

As £ is increased more and more with respect to Up, 
8 asymptotically approaches a, and |A|? = 1 asa 
limit. That is, there is complete transmission of elec- 
trons through the barrier. 


CaseII. E< Uy 


According to classical mechanics, the particles inci- 
dent at the barrier are completely reflected. Quan- 
tum mechanics leads to a different solution, which is of 
extremely great physical significance. 

The solutions of the S. equation for this case will differ 
from those given for Case I in this respect, that 8? is 
negative, and hence we have the three relations: 


(x < 0) or = Acax 4 Be-iax 
(0O<x <a) on = Ch + De-bx 
(x > a) our = ox 


where the coefficient in the last relation is put equ.al to 
unity for the same reason as in case I. 

Putting in the conditions valid at x = 0 and x = a, 
we obtain the following values for the four constants: 


(91) 


(92) 


eiaa 


= F [20 + <n t0) +i (2- 2) (40 — «-#0) | (03) 


B= = (2 +$)(eo — ¢—Ba) (94) 


C= (1/2) (1 re *) os 


ta 


iu (12) (1 -* 


In these equations, AAn represents the ‘‘current”’ 


eiaa+Ba 
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for the incident particles, BBv, that for the reflected 
particles, and w that for the particles transmitted 
through the barrier at x = a. 

It can be shown very readily from equations (94) 
and (93) that 


AA + BB =1, 


while the probability that a particle coming up to the 
boundary at x = 0 shall ‘‘tunnel” through the barrier 
is 

P(E/U) = 1/AA 


where P(E/U) designates that this probability is a 
function of the ratio E/U. 
From equation (93), it follows that 


a 


A = dae |eosh Ba + (1/2) (2 _ <) sinh pat (95) 


while 


A = ¢-iaa |cosh Ba — (4/2) (¢ -%) sinh pat 


where cosh fa and sinh fa are the hyperbolic cosine 
and sine functions defined in equations (24). 
Hence, 


2 B a\?, 
AA = cosh? Ba + va(é -4) sinh? Ba. 


For U, very much greater than E, 8/a is very large, 
and cosh Ba = sinh Ba. Hence we obtain the approxi- 


mation, 


AA = (1/4) a sinh? Ba 


= (1/16) %- e260 
16a? 
“BP 
16(E/ Uo) .e—282 

~ (1 — B/U) 


P(E/U) + ¢~26a 


(96) 


Except for values of E/U, which are near 1 or 0, 
the exponential term is the important factor, and the 
equation indicates that except for values of E, small 
compared to those of Up, there is a finite and measur- 
able probability that a particle will get through a poten- 
tial barrier if the latter has a width a which is of the 
same order of magnitude as 


1 = rise ii . 
B QavV/ 2u(Uo - E) 
Thus, let us consider the case of an electron for which, 
if (Uy — E) is expressed in electron-volts, V, 


_ 3.89.X 107% 
VV 


Assume £ = 1, and Uy = 10 in electron-volts, then 


1/6 


1/8 = 1.30 X 10-8 cm. 


and we obtain the following values of P for different 
values of a: 


a X 108 P 
1.30 0.248 
1.95 0.089 
2.60 0.035 
6.50 10~‘ approx. 

Thus P decreases rapidly as a is increased and for 
values of a > 10 A, P becomes infinitesimally small; 
but for atomic dimensions, the probability is evidently 
fairly large. 

This phenomenon of the penetration of particles 
through potential barriers, or the “‘tunneling effect,” 
as it has been designated, is one of the most important 
deductions contributed by the new quantum mechanics. 
R. W. Gurney and E. U. Condon‘ have described the 
significance of this conclusion as follows: 


In classical mechanics the orbit of a particle is entirely confined 
to those points in space at which its potential energy is less than 
itstotalenergy. This is not true in quantum mechanics. Classic- 
ally if a particle be moving in a basin of low potential energy 
and have not as much total energy as the maximum of poten- 
tial energy surrounding the basin, it must certainly remain there 
for all time, unless it acquires the deficiency in energy somehow. 
But in quantum mechanics most statements of certainty are re- 
placed by statements of probability. And the above statement 
must now be altered to read “‘. . . it may remain there for a long 
time but as time goes on, the probability that it has escaped, 
even without change in its total energy, increases towards 
WHEEGS ss” 


For instance, let us consider a particle of mass u 
and the total energy, E, moving in a range where the 
potential energy function U(x) is of the form shown in 
Figure 16. If E is less than the maximum value for 
the height of the “hill” between the two “valleys,” 
then according to classical mechanics there would be 
two different types of motion possible for the particle, 
each of which is confined to one of the regions I or II. 
This motion would be of the nature of a vibration, with 
different frequencies in each region. 

But from the new point of view, “There is no longer 
a definite correlation between simultaneous value of 
position and momentum as implied by the equation 


e + U(x) = BE.” 
i 


Instead of regarding the particle as moving with defi- 
nite velocity at any given point, we forget about the 
particle and consider, instead,;the properties of the 
associated wave motion and its “amplitude’”’ function 
@ which is a function of both x and E. The square of 
this function, or rather ¢¢dx is interpreted as giving 
the probability that the particle lies between x and 
x + dx, when it is in the state of energy E. ‘‘This,”’ 
as Gurney and Condon point out, “‘is really the ground 
for requiring that ¢ remain finite. For an energy level, 
such that ¢(Z, x) does not remain finite as y > + ~, 
the probability that it is not at infinity is vanishingly 
small, and therefore these states do not exist physically. 
Adopting the probability interpretation of ¢(Z, x) one 
has at once the result that there is a finite probability 
of being outside the range of classical motion of that 
energy.” 


4R. W. Gurney AND E. U. Connon, Phys. Rev., 33; 127 (1929). 
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The point of view thus emphasized in the remarks 
from the paper of Gurney and Condon and illustrated 
by the problems which have been solved in the previous 
section has received a number of important applica- 
tions. As a preliminary to the consideration of these 
let us consider the following problem. 

For the case of the electrons confined between two 
semi-infinite barriers, it was shown that for values of 
E not too small compared with those of U, there is a 
definite probability of penetration into the regions U > 
E. If now these latter regions are decreased in extent 
until they become of atomic dimensions, the probability 
becomes measurable that the electrons which have 
entered the barriers will also pass completely through 
them, and this probability will assume a definite value 
for each discrete energy state, E,,, of the electrons in 
the ‘‘box.” To indicate this we may denote the prob- 
ability by P(£,,). 

Without attempting to solve this problem in detail, 
it is readily seen that, as in the case of Figure 12, there 
will exist a series of discrete energy states, designated 
by &,, E....£,,, and that the corresponding eigen- 
functions ¢(E,,, x) will be of the nature of sine and 
cosine functions of the angle ax, where 


9. 
a= V/uEn 


Furthermore, it is evident that, if b denote the width 
of the region of atomic dimensions, for which U > E, 
the probability of penetration will be given, according 
to equation (96) by a relation of the form, 


P(Em) = F(Em/U)-<e— 260 (97) 


where 


26b = = V/2u(U — E) (98) 
and F is a function of the ratio E,,/U. Except for 
values of this ratio approaching zero or unity, the con- 
trolling factor governing the value of P will be the ex- 
ponential term. 

For those cases in which the value of U in the region 
U > Eis a function of x, denoted by U(x), the value 
of the exponent 28d is given by the expression 


28) = =f V/2u(U — E)-dx 


where the integration extends across the barrier be- 
tween the two limits at which U(x) — E = 0. It is 
readily seen that for U(x) = U) in the range x = +a 
tox = +(a + bd), and U(x) = 0 in the other regions, 
this integral gives the result stated in (98). 


(99) 


APPLICATION TO RADIOACTIVE DISINTEGRATION 


As first shown by R. W. Gurney and E. U. Condon® 
and, independently, by G. Gamow,‘ the theory of the 
penetration of particles through potential barriers of 
atomic dimensions gives a very satisfactory interpreta- 


5 R. W. Gurney AND E. U. Connon, loc. cit. 
*G. Gamow, Z. Phys., 51, 204 (1928). 
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tion of the phenomena of ejection of alpha and beta 
particles from nuclei of the radioactive elements. 

As is well known this emission of charged corpuscles 
occurs spontaneously and leads to the formation of a 
new atomic species. The rate of disintegration of 
any nuclear type is given by 

—dN = Nydt 


where JN is the number of nuclei which are unaltered 
at the end of any given period, ¢, and y is known as 
the decay constant. This leads to the exponential 
law of decay, 


N(t) = Noe-—v# (100) 


where NV, is the number present at ¢ = 0. It is cus- 
tomary to put y = 1/7 where 7 is known as the mean 
“life” of the nucleus. 

In the case of any given nuclear type, the alpha par- 
ticles emitted are all of the same velocity, v, or at the 
most possess two or three discrete values of v. On the 
other hand, the velocities of the beta particles form a 
continuous range of values. For the emission of 
alpha particles we have the empirical relation, known 
as the Geiger-Nuttall law, according to which 


log y = A + B logy, 


where A and B are constants. That is, the life of a 
nuclear structure is shorter, the higher the velocity of 
the emitted alpha particles. 
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Potential energy curve for alpha particle in nucleus of radio- 
active atom. 


FIGURE 


In order to account for these observations we have 
to consider the nature of the potential energy function 
for an alpha particle in the neighborhood of the nucleus. 
From experiments on the scattering of alpha particles 
it is known that the inverse square law of repulsive 
forces applies to within a distance of about 10—!* cm. 
from the nucleus. If we denote the charge on the 
nucleus by +Ze and that on the alpha particle by 
+2e, the force as a function of the distance, r, is given 
by 2Ze?/r? and, therefore, the potential energy func- 


tion 
U = fe ar = 
o r 

This is indicated by the hyperbolic portion of the curve 
in Figure 17. 

However, in order to account for the fact that alpha 
particles remain within the nuclear structure for a defi- 
nite period of the order 7, it is necessary to assume that 
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very close to the nucleus the field changes from repulsive 
to attractive. Therefore, the function U will be repre- 
sented very close to the nucleus by the dotted portion 
in the figure. That is, the nucleus is surrounded by a 
potential barrier of maximum height U, and if the 
energy of the emitted alpha particle be represented by 
E < Uy, then according to the arguments which have 
been given in the previous section, there exists a defi- 
nite probability for the penetration of the particles 
through the barrier. The following remarks on the 
calculation of this probability follow closely the pres- 
entation of Gurney and Condon. 

Evidently the probability of emission of an alpha 
particle will be equal to the reciprocal of the mean time, 
7, during which a particle remains in the region (I) 
close to the thucleus before ‘leaking through’ to the 
outer region (II) where it experiences a repulsive field. 
For a particle of kinetic energy E, the velocity for U = 0 
isv = V 2E/u. Hence, the amount of time spent 
by the particle in unit distance for x very large is 
VJ u/(2E), and the time spent in a range of length a 
is therefore aV u/(2E). 

Now according to quantum mechanics, as shown in 
equation (97), the probability of penetration is of the 
order 








P = ¢€—26b 


where P is defined as the ratio between the probability 
of occurrence of the particle in unit length of the region 
II and the probability of occurrence in unit length 
of the region I. ‘‘Therefore since the motion is aperi- 
odic and the particle escaping from the range I will in 
the mean only go through unit length of II once, the 
time + which must be spent in range I before getting 
through to range II is of the order 


7 = aW p/(2E) - 26> (101) 


where 2b is defined by equation (99) and a is of the 
order of the breadth of range I.” 
Hence, the decay constant is given by the relation 
y=1/r w= 2E | opp (102) 
“ 
where the value of 28) depends upon the distance be- 
tween the maximum value of U and the horizontal line 
corresponding to the particular value of E for the emitted 
alpha particles. It is evident from this conclusion 
“that if the size of the potential barrier be increased 
by a small factor the probability of escape may be de- 
creased more than a million fold.’’ 

To test this theory, Gurney and Condon have calcu- 
lated the relative lives of Ur, RaA, and RaC’ from the 
observed values for the kinetic energies of the emitted 
alpha particles, which are 6.5 X 1078, 9.55 X 10~°, and 
12.2 X 10-* ergs, respectively. These values of E are 
indicated by the horizontal lines in Figure 17, while the 
potential energy function for an alpha particle with 
respect to the nucleus is indicated by the,curve. From 
the areas of the portions between this curve and the 
horizontal lines, values of the exponential factor in 
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equation (102) were calculated, and these were then 
used to calculate relative values of y, the decay con- 
stant. The agreement between these and the observed 
relative values was found to be very satisfactory. 
Thus, “it is the energy of the emitted alpha particle 
which determines its own rate of decay,’’ as had been 
concluded previously from the Geiger-Nuttall relation. 


EMISSION OF ELECTRONS IN PRESENCE OF INTENSE 
FIELDS 


It has been shown by a number of investigators that 
with extremely high electric fields, electron emission 
from cathodes occurs even at room temperature. This 
is known as the “‘cold-cathode” or ‘‘auto-electronic’”’ 
effect. An explanation of the phenomenon on the 
basis of the quantum mechanics has been given by J. R. 
Oppenheimer’ and by R. H. Fowler and L. Nordheim.’ 
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Potential distribution at sur- 
face of metal covered with 
monatomic film of more elec- 
tropositive element. 


Illustrating ‘‘cold-cathode” 
emission of electrons. 


As mentioned previously electron emission occurs 
from a cathode when the kinetic energy is equal to or 
exceeds the work function. With ordinary electric 
fields the potential energy function for the electrons 
resembles that shown in Figure 10, and the kinetic 
energy becomes sufficiently high to overcome the barrier 
only at higher temperatures. But in the presence of ex- 
tremely high electric fields, even at ordinary tempera- 
tures, the potential energy function is represented by 
the plot in Figure 18 where 

U(x) = 0 forx = 0 
U(x) = C — Fx forx > 0 


and C denotes the work function, that is, the value of 
the potential energy at x = 0, while F is the field 
strength (corresponding to the voltage gradient). 

The Schroedinger equation which is to be solved in 
this case is of the form y 
s 4 a (E —C + Fx) =0 (103) 
where E£, the kinetic energy of the electrons, is less than 
C. This is a differential equation which differs from 
those solved in the previous sections in that the coef- 
ficient in the second term on the left-hand side is not 
a constant, but a linear function of x. However, it is 
evident from the considerations advanced already that 
if the distance a, indicated in Figure 18 as the width of 
the barrier, is of atomic dimensions, there will exist a 











7J. R. OPPENHEIMER, Phys. Rev., 31, 66 (1928). 

8 R. H. FowLer AND L. NorpHem, Proc. Roy. Soc., A119, 
173 (1928); L. Norpuemm, Physik. Z., 30, 177 (1929). The in- 
vestigations on this topic have been reviewed by S. DUSHMAN, 
Rev. Modern Phys., 2, 381 (1930). 
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probability of significant magnitude for the penetration 


of electrons through the barrier. 
From equation (99) it follows that this probability 


will be of the form 


P(E) = Ke-26b (104) 


where K is a function of E/C, and 
26b = ef VINO —E) - dx 


_ 4 
“ea 





” uC — Fx — EB) -dx (105) 
Lett C-—-E=A 

Then d(A — Fx)*/: = 
(A — rx | “i = f, "A — Fx) ede 


Forx =a, Fa =C-—-E=A 
Therefore, 


—(3/2)-F(A — Fx)'/2dx 


and 





4nV/ Qu. 2 -_ S/o = 
ap (C — BY 


4 ‘a 
v zi, /2WC — Fx — E)-dx 


and 
_ 8x (2u)/(C—E)'/ 
2po= = 3F 


It will be observed that the constant 


takes the place of a, the extent of the barrier, which is 

the physical significance of 6 in the exponential term 
According to Fowler and Nordheim, the coefficient 

K in (104) is given by 

E/C \'/2 


x =4(,“5, 
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so that the resulting expression for P(Z) in (104) is 
very similar to that given in (96) for the probability 
of penetration where U > E is constant over the extent 
of the barrier. 

From these results, it is possible to derive a relation 
between the electron emission and the field strength 
which is in agreement with the experimental observa- 
tions. 

The theory of the penetration of electrons through 
potential barriers has also been applied by Fowler and 
Nordheim to account for the observations on the in- 
crease in emission from tungsten when covered by a 
monatomic film of a more electropositive metal such 
as thorium.® In this case the potential energy function 
is of the form shown in Figure 19, where W, denotes 
the work function for the pure metallic surface, and W, 
denotes the work function when a monatomic film of 
thickness / covers the surface. The kinetic energy of 
the electrons in the metal is denoted by W, and it is to 
be expected that for values of W between those of W, 
and W, there will exist a probability of transmission 
of electrons through the film, which is of the form 


P = K-e—2l (104) 
where 


2 
= = V/2u(W, — We). 


According to L. Nordheim and R. H. Fowler,’° 
K= 8(akTW,)'/2/ We 


where k = Boltzmann constant = 1.37 X 10—!* ergs/- 
deg. 
and J = Absolute temperature. 


* See DusuMan, loc. cit., for a detailed discussion of the ob- 
servations and their interpretation on the basis of quantum me- 


chanics. 
10 L. NORDHEIM AND R. H. Fow er, Proc. Roy. Soc., A122, 36 


(1929). 





An EFFICIENT, INEXPENSIVE 


HOT PLATE 


LEONARD C. KREIDER 


The Ohio State University, Columbus, Ohio 


Directions, with diagram, are given for the construction 
of a simple hot plate that can be built from readily available 
materials at a cost of approximately fifty cents. Its sole 
source of heat is a 100-watt electric lamp. It furnishes a 
safe, convenient, and cheap source of heat where tempera- 


++ + 


HE CHEMIST is often confronted with the need 
of a steady source of heat at temperatures between 
The con- 


ventional ways of obtaining this are beset with obsta- 


thirty and eighty degrees Centigrade. 


tures from 30° to 70°C. are required. It heats rapidly and 
ts capable of maintaining a predetermined temperature 
within reasonably narrow limits in the above range. A 
useful air heating attachment is also described. Brief 
directions for some of its special uses are included. 


++ + 


cles. The free flame as a heat source is difficult to regu- 
late to a desired temperature, is subject to drafts, pre- 
sents a certain fire hazard if left unattended, and is 
practically out of the question if low-boiling organic 
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solvents are to be heated in open vessels. When used 
with the air bath or the water bath, most of the undesir- 
able features of the free flame are diminished but they 
are not entirely removed. It is often suggested that the 
use of the steam bath is more satisfactory, but in prac- 
tice it is difficult to regulate it even approximately to 
any temperature below 90°C. and be certain that it will 
remain constant. Then, too, many laboratories are not 
supplied with steam lines, and their installation and 
operation is expensive. The ordinary three-heat hot 
plate is quite satisfactory, but the initial cost is five 
dollars or more and it costs about five cents an hour to 
operate one. 

The author believes that the hot plate described in 
this paper eliminates all the disadvantages mentioned 
above, and that, in addition, it presents positive ad- 
vantages as a convenient, safe, and economical source 
of low-temperature heat. Its construction is simple. 
It can be made from new materials for less than fifty 
cents, including the cost of the light bulb, and can be 
operated at the low cost of about one cent an hour, as 
the sole source of heat is a 100-watt lamp. 

For the construction of this hot plate an ordinary 
porcelain light socket is mounted on the center of a 
square piece of wood (15 X 15 X 2cm.). A convenient 
length of electric cord (5 to 10 feet) is then attached to 
make connection with the power line. A tin can of 
suitable size (10 cm. in diameter and 12 cm. high is 
satisfactory) is next selected, the top is removed, and a 
hole 4 cm. in diameter is cut in the center of the bottom. 
By means of three heavy tin strips (2 X 9 cm.) soldered 
to the sides of the can near the base a tripod is formed 
that will hold the can rigidly in place over the center of 
the light socket with the bottom of the can 6 cm. above 
the wooden base. A flat piece of heavy wire gauze, 
with a diameter 2 cm. greater than that of the top of the 
can, has radial slits cut to a depth of 1 cm. from the out- 
side edge at short intervals around the circumference. 
The flaps thus formed are then bent at right angles to 
fit snugly over the outside of the open top of the can. 
To conserve heat, the outside of the can is wrapped with 
asbestos paper which is fastened in place by binding 
with copper wire. The bright inside walls of the can 
serve to reflect and intensify the heat furnished by the 
light bulb. Because of the hole in the bottom, the can 
acts much like a chimney, and the major part of the 
heat is made available at the top of the can. 

The rapidity with which this hot plate heats is 
demonstrated by the fact that 50 cc. of ether in a 
beaker can be brought from a room temperature of 20° 
to the boiling point in 11/, minutes, a like amount of 
acetone in 4 minutes, and ethyl alcohol in 8 minutes. 
Water, because of its high heat of vaporization, cannot 
be boiled on this hot plate. However, a large beaker 
half full of water can be maintained at a temperature of 
65-70°, which suggests the use of the hot plate for 
digesting precipitates in quantitative analysis. If a 
lower temperature is desired, it may readily be obtained 
by placing the vessel to be heated on a ring-stand at 
some height above the top of the hot plate. For ex- 
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ample, a water bath half filled with water can be main- 
tained at 40° if placed 5 cm. above the top of the hot 
plate. This temperature is very desirable when remov- 
ing solvents from organic preparations im vacuo. 

A very convenient attachment for this hot plate is 
also pictured in the diagram. It is essentially a device 
for heating air and is very useful where compressed air 
is available. It consists of three turns of 6-mm. copper 
tubing coiled around the light bulb as in the diagram. 
In use, the compressed air should be dried of moisture 
and traces of oil by bubbling it through concentrated 
H2SQ, before leading it through the heating coil. This 
hot, dry air, when gently blown on the surface of a solu- 
tion, will cause very rapid evaporation. If the solution 
to be evaporated is inorganic, the containing vessel may 
be placed directly on the hot plate and the hot air 
played on the solution. However, if a solution contain- 
ing organic matter is to be evaporated, it is safer to set 
the containing vessel beside the hot plate and use only 
the current of heated air, or charring may result when 
nearly all the solvent has beer! removed. This con- 
venient source of hot, dry air is also useful when it is 
necessary to dry small pieces of glassware completely 
in a short time. 

Other uses for the hot plate will suggest themselves 
to the observant worker. For example, it is a safe 
source of heat for the distillation of small portions of 
ether, methyl or ethyl alcohol, acetone, or chloroform. 
It could also be used to reflux solutions of these'solvents, 
or as the heat source for a continuous extraction in a 
Soxhlet apparatus. It will furnish a source of safe heat 
to speed the solution of a substance in flammable or- 
ganic solvents. The hot plate may also be used as a 
spotlight to illuminate a darker corner of the laboratory 
when exact observations must be made, such as the 
determination of a melting point. 











A ROOF-GARDEN LABORATORY 


WALLACE A. GILKEY 


Sacramento Junior College, Sacramento, California 


HE NEW “roof garden” at the Sacramento Jun- 
"Tice College is at the same time so unusual and so 

satisfactory a solution of the problems which con- 
fronted us that we believe a brief account of it may be 
of interest to others. This new chemistry laboratory is 
completely out of doors, having been built on a roof at 
very low cost. 

The four chemistry laboratories, three for first-year 
chemistry and one for organic chemistry and quantita- 
tive analysis, occupy the second floor of the north wing 
of the main building. Part of the ground floor of this 
wing is but one story high, leaving a large, almost flat, 
asphalt composition roof, 24 80 feet and about two 
feet above the second-story floor level. This flat roof 
is surrounded on two sides by a parapet about three 
feet high, above which the tops of several trees are be- 
ginning to grow. 

Each successive year the problem of accommodating 
the increasing number of students has become more 
difficult. Three years ago, the third laboratory for 
freshmen was provided by removing a partition between 
two offices and installing the necessary equipment. In 
the past fall semester, some four hundred students were 
enrolled in chemistry laboratory classes. The crowding 
of two freshmen to a locker is a common necessity. 
The task of caring for laboratory sections of forty 
students in a laboratory originally planned for twenty 
has been made less difficult by the building of the ‘‘roof 
garden.” 

A floor was laid over the asphalt roof by bridging 
across with 2” X 12” floor joists 16” apart, and nailing 
on 1” X 4” planed sheeting with open cracks so that 
rain may pass through to the asphalt roof. A single 
long table, 3 feet wide and 60 feet long, was constructed 
and painted with black, acid-proof paint. There is 
room for the addition of a second, similar table when 
needed. A smaller table, as far away from the labora- 
tories as possible, is used for hydrogen sulfide. The 
long table is provided with gas and water and with a 
drain for use with condensers. To keep down the cost, 
no sinks were installed. The drain is a 2” galvanized 
iron pipe, with sufficient slope, suspended under the 
center of the long table. One-inch nipples are screwed 
into this pipe and extend upward some four inches above 
the table top. Corks, with small signs, ‘‘For Water 
Only,” are placed in the drain openings when not in use 
for condensers. Should the drain pipe eventually be- 
come badly corroded, it may be replaced at very low 
cost as compared with regular plumbing. A door was 
cut through a brick wall and two windows were con- 
verted into doors so that the roof garden is readily ac- 
cessible from each of the four laboratories. To give 
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color, the water baths (1 gal. tin cans are quite satis- 
factory) and the gas outlets are painted a bright Chinese 
red. Ring-stands, water outlets, and some other equip- 
ment, are painted with bright green enamel. Shields 
are provided for use with Bunsen burners when the 
wind blows. 

“But what will you do in the winter time?’’ may be 
asked. Well, when it rains, occasionally, we simply 
crowd into the laboratories and are no worse off than we 
were before. The temperature never falls below freez- 
ing for long atatime. We may have to drain the water 
pipes for a few cold nights but that is provided for. 
Most of the time the weather is delightful and many 
students prefer to work outside. All experiments in- 
volving fumes or odors are performed on the roof. No 
hoods or fans were provided when the laboratories were 
built but now we do not need them. The total cost of 
our roof garden—floor, tables, doors, plumbing, stairs, 
and labor—was only $529. Needless to say our 400 
chemistry students are well pleased with the improve- 
ment. We feel that we have spent our limited allow- 
ance wisely and well. 
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The ELEVENTH CENSUS of 
GRADUATE RESEARCH 
STUDENTS in CHEMISTRY 
and CHEMICAL ENGI- 


NEERING, 1934 


CALLIE HULL ann CLARENCE J. WEST 


Research Information Service, National Research Council, Washington, D. C. 


HE Eleventh Census of Graduate Research 
Students in Chemistry and Chemical Engineering 
(covering the academic year 1934-35) continues 
the annual compilations, the first of which was issued 
in 1924.* The present compilation includes returns 
from 144 universities, of which 13 have reported mem- 
bers of the faculty only engaged in chemical research. 
The figures in the column headed total in Table 2 
refer to the graduate students only; 7. e., they do not 
include the figures for the faculty. 
While last year a decrease in the number of graduate 


students was reported, this year the figures indicate 
a gain over the previous year of 74 masters and 29 


* ZaNneETTI, Ind. Eng. Chem., 16, 402 (1924); Norris, zbid., 
17, 755 (1925); HuLt AND WEsT, J. Cue. Epuc., 4, 909 (July, 
1927); 5, 882 (July, 1928); 6, 1338 (July-Aug., 1929); 7, 1674 
(July, 1930); 8, 13874 (July, 1931); 9, 1472 (Aug., 1932); 10, 
499 (Aug., 1933); 11, 471 (Aug., 1934). 


doctors, as compared with a decrease of 278 masters 
and 47 doctors for 1933. There is also reported a gain 
of 113 in the number of faculty members doing re- 
search against a reported decrease of 65 last year. The 
only significant increases in particular fields are those 
in physiological chemistry and nutrition. 

So many factors contribute to the reason for an 
increase or decrease in the number of students reported 
each year that it seems futile even to try to discuss 
them here. 

The compilers wish to express their appreciation for 
the coéperation of the heads of the departments of 
chemistry of the institutions listed in Table 3, without 
which these statistics could not be assembled. The 
continued interest of the JOURNAL OF CHEMICAL 
EpucaTION in publishing the material is also acknowl- 


edged. 


TABLE 2 


NuMBER OF GRADUATE STUDENTS ENGAGED IN RESEARCH IN VARIOUS FIELDS OF CHEMISTRY AND CHEMICAL ENGINEERING 


1934 
Total 


498 
107 
38 
37 
36 
11 
57 
147 
156 
55 
870 
283 
15 
34 
23 


1934 
Subject 


General & Pitgalaad. ....... 060.0 cwscses 
Colloid 

Catalysis 

Subatomic & Radio 

Electro-inorganic 

Electro-organic 

Photochemistry & Photography..... : 
Inorganic 

Analytical 


Sanitary 

Nutrition 
34 

Agricultural 

Industrial & Engineering 

Chemical Engineering 


82 


TOTALS 3126 
* Includes 26 masters not classified. 
+ Includes 37 masters not classified. 
t Includes 31 masters not classified. 


1925 
Total 


332 
77 
33 

21 27 
25 32 42 
13 13 14 
22 ‘ 19 

124 86 
96 44 
22 28 

668 430 

146 196 
11 20 
16 39 
30 12 
52 76 
52 49 

111 55 

156 184 


1926 
Total 
343 
58 
31 


1927 
Total 


1928 
Total 


406 
86 
27 
18 


1929 
Total 


1931 1930 
Total Total 


577 5: 
101 
52 
42 
55 
12 
43 
159 
149 
78 
930 
252 
13 
54 
29 
126 
32 
126 
84 
347 


3261 


1932 
Total 
595 
81 
52 
35 
51 
19 
57 
162 
147 
74 
943 
269 
15 
47 
21 
91 
35 
161 
82 
374 


3348t 


1933 
Total 
522 
101 
26 
52 
51 
10 
52 
138 
142 
47 
862 
251 
14 
26 
24 
89 
49 
129 
66 
372 


3023 


91 
91 
285 


2498 


301 


2795% 


1763 
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TABLE 1—NumsBER oF GRADUATE STUDENTS ENGAGED IN RESEARCH IN 
““M”’ indicates those working for a Master’s degree, ‘‘D,” Doctor’s 
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Massachusetts: 
Amherst Coll. 
Boston Coll. 
Boston U. 
Harvard U. 

Holy Cross Coll. 
Mass. Coll. Pharm. 
Mass. Inst. Tech. 
Mass. State Coll. 
Mt. Holyoke Coll. 
Tufts Coll. 
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Williams Coll. 
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U. of Mich. 
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CHEMISTRY AND CHEMICAL ENGINEERING ACCORDING TO UNIVERSITY AND SUBJECT 
degree, and “F,”’ number of faculty engaged in research. 








, Industrial 
Physio- Pharma- | Pharma- Agricul- and Chemical Universities 
logical cological ceutical tural Engineering | Engineering TOTALS b 


y 
M D MDFiIMDF M DF{|M DF M D F M D States 





Alabama: 

Ala. Poly. Inst. 
Birmingham §. Coll. 
Howard Coll. 

U. of Ala. 
Arizona: 

U. of Ariz. 
Arkansas: 

U. of Ark. 
California: 

Calif. Inst. Tech. 
Claremont Colls. 
Mills Coll. 
Stanford U. 
Colorado: 

Colo. Coll. 

U. of Colo. 
Connecticut: 
Conn. State Coll. 
Trinity Coll. 
Wesleyan U. 
Yale U. 
Delaware: 

U. of Del. 

Dist. of Columbia: 
Am. U. 
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Catholic U. 

Geo. Washington U. 
Georgetown U. 
Florida: 

U. of Fla. 
Georgia: 

Ga. Inst. Tech. 
Hawaii: 

U. of Hawaii 
Idaho: 

U. of Idaho 
Ikinois: 
Monmouth Coll. 
Northwestern U. 
U. of Chicago 

U. of Il. 

Indiana: 

De Pauw Univ. 
Ind. U. 

Purdue U. 

U. of Notre Dame 
Iowa: 

Grinnell Coll. 
Iowa State Coll. 
State U. of Iowa 
Kansas: 

Kan. State Agr. Coll. 
Kan. U. 
Kentucky: 

U. of Louisville 
Louisiana: 

La. State U. 
Sophie Newcomb C. 
Tulane U. 

Maine: 

Bates Coll. 

U. of Me. 
Maryland: 

Johns Hopkins U. 
U. of Md. 
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Massachusetts: 
Amherst Coll. 
Boston Coll. 
Boston Univ. 
Harvard U. 
Holy Cross Coll. 
Mass. Coll. Pharm, 
Mass. Inst. Tech. 
Mass. State Coll. 
Mt. Holyoke Coll. 
Tufts Coll. 
Wellesley Coll. 
Williams Coll. 
Worcester Poly. 
Michigan: 
Mich. State Coll. 
U. of Mich. 
Minnesota: 
U. of Minn. 
Mississippi: 
U. of Miss. 
Missouri: 
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Twenty-six masters not classified. 
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TABLE 1—(Concluded) 








Universities ; Metal- 
by Colloids lurgical Or ganic 
States MDF MDF M D F 


Nebraska: 
U. of Neb. 1 oe 


Nevada: 

U. of Nev. ‘ 
New Hampshire: 
Dartmouth Coll. 

U. of N. H. 

New Jersey: 
Princeton U. 
Rutgers U. 

New Mexico: 
N.M.C. A. & M.A. 
New York: 

Albany Med. Coll. 
Columbia U. 
Cornell U. 

Fordham U. 

N. Y. S. Coll. For. 
N. Y. U. 


























-_ 
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Poly. Inst. Brooklyn 
Rensselaer Poly. 
Syracuse U. 

Union Coll. 

U. of Rochester 
Vassar Coll. 


North Carolina: 


uke U. 
N. C. State Coll. 
U. of N. C. 
North Dakota: 
N. D. Agr. Coll. 
U. of N. D. 
Ohio: 
Case Sch. Appl. Sci. 
Kenyon Coll. 
Oberlin Coll. 
Ohio State U. 
Ohio Wesleyan 
U. of Akron 
U. of Cincinnati 
U. of Dayton 
Western Reserve U. 
Oklahoma: 
Okla. A. & M. Coll. 
U. of Oklahoma 


Oregon: 
Ore. State Agr. Coll. 
U. of Ore. 


Pennsylvania: 

Bryn Mawr Coll. 
Bucknell U. 
Carnegie Inst. Tech. 
Dickinson Coll. 
Grove City Coll. 
Haverford Coll. 
Lafayette Coll. 
Lehigh U. 

Penn State Coll. 
Swarthmore Coll. 
U. of Penn. 

U. of Pittsburgh 
Rhode Island: 
Brown U. 

R. I. State Coll. 
South Dakota: 

S. D. St. C. A. & M. 
S. D. St. Sch. Mines 
U. of S. D. 
Tennessee: 

Geo. Peabody Coll. 
U. of Tenn. 
Vanderbilt U. 
Texas: 

A. & M. Coll. 
Baylor U. 

Rice Inst. 

U. of Texas 
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Utah: 

U. State Agr. Coll. 
U. of Utah 
Vermont: 
Middlebury Coll. 
U. of Vermont 
Virginéa: 








. & Lee U. 

Wm. & Mary Coil. 
Washington: 
State Coll, Wash. 
U. of Wash. 
West Virginia: 

. Va. Uz 
Wisconsin: 
Inst. Paper Chem. 
Lawrence Coll. 
Marquette Med. Scb. 
U. of Wis. 

















Wyoming: 
U. of Wyo. 
TOTALS 179 319 284 | 47 60 46 | 16 22 19 12 24 13 
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TOTALS 


M D 


F 


Universities 


y 
States 





17 


12 


14 


Nebraska: 
U. of Neb. 





Nevada: 
U. of Nev. 





New Hampshire: 
Dartmouth Coll. 
U. of N. H. 





New Jersey: 
Princeton U. 
Rutgers U. 








New Mexico: 
N. M. C. A. & M. A. 
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New York: 

Albany Med. Coll. 
Columbia U. 

Cornell U. 

Fordham U. 

N. Y. State Coil. For. 
N. Y. U 


Poly. Inst. Brooklyn 
Rensselaer Poly. 
Syracuse U. 

Union Coll. 

U. of Rochester 
Vassar Coll. 





North Carolina: 
Duke U. 

N. C. State Coll. 
U. of N. C. 





North Dakota: 
N. D. Agr. Coll. 
U. of N. D. 
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Ohio: 

Case Sch. Appl. Sci. 
Kenyon Coll. 
Oberlin Coll. 

Ohio State U. 

Ohio Wesleyan 

U. of Akron 

U. of Cincinnati 

U. of Dayton 
Western Reserve U. 
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Okla. A. & M. Coll. 
U. of Oklahoma 
Oregon: 

Ore. State Agr. Coll. 
U. of Ore. 
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Pennsylvania: 
Bryn Mawr Coll. 
Bucknell U. 
Carnegie Inst. Tech. 
Dickinson Coll. 
Grove City Coll. 
Haverford Coll. 
Lafayette Coll. 
Lehigh U. 

Penn State Coll. 
Swarthmore Coll. 
U. of Penn. 

U. of Pittsburgh 





Rhode Island: 
Brown U. 
R. I. State Coll. 
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South Dakota: 

S. D. St. C. A. & M. 
S. D. St. Sch. Mines 
U. of S. D. 





Tennessee: 

Geo. Peabody Coll. 
U. of Tenn. 
Vanderbilt U. 





Rice Inst. 
U. of Texas 








On ony» 


Utah: 
U. State Agr. Coll. 
U. of Utah 








Vermont: , 
Middlebury Coll. 
U. of Vermont 





Virginia: 

U. of Va. 

Va. Poly. Inst. 
Wash. & Lee U. 
Wm. & Mary Coll. 





Washington: 
State Coll. Wash. 
U. of Wash. 





West Virginia: 
W. Va. U. 
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1 
3 15 21 


3 
32 


Wisconsin: 

Inst. Paper Chem. 
Lawrence Coll. 
Marquette Med. Sch. 
U. of Wis. 
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Wyoming: 
U. of Wyo. 





3 
3 

1 1 3 
29 


114 169 2. 





























18 16 12 |12 11 9} 51 61 70 | 22 12 21 224 148 118 {1376 1750 1534 


TOTALS 











MATHEMATICAL PROBLEM PAGE 


Directed by EDWARD L. HAENISCH 


Montana State College, Bozeman, Montana 


Nebiagae’ important trigonometric identities which 5. Show that if Ae’** + Be-‘** is a solution of 


are useful in deriving some of the results in Dr. a? 2 9 
= = E¢ = 0, a must be a V2uE. Com- 


Dushman’s third article (pp. 326-36) are: ie 


sin (a + “ = sin a cos B = cos a sin B 2 pare (52) and (54), p. 326. 
cos (a + 8) = cos acos 8 = sin asin B (2 F : 5 Bots 

daadick a ‘hein «tenia hae se average life, 7, of a radioactive nucleus is given 
{ number having lives between ¢ wt 


cos a cos B = '/2cos (a — B) + 1/2cos (a+ B) (4) 
sin a cos B = '/2sin (a + B) + 1/2sin (a — 6) (5) 
cos asin 8 = 1/.sin (a + B) — '/2sin (a — 6) (6) T= as dt) X t X dt ; 
Relations (3) to (6) can be derived from (1) and (2). ‘ ; ; SRG: Se SE aa 
Thus, for example: For radioactive decomposition, dV = —yWNdt. 
sin (a + 8) = sin acos B + cos asin B Show that + = ify. 
sin (a — B) = sin acos B — cos asin B 
SOLUTIONS TO JUNE PROBLEMS 





and by addition: 
1. f(x) = e* f(0) =1 


sin a cos 8 = '/2sin (a + 8) + 1/2 sin (a — B) f(x) = iei* (0) =i 
f(x) = eit = —eit f(0) = +i = -1 


The integrals used are f(x) = + tet = —ieit f7"(0) = 443 = 3 
JS sin udu = —cosu+C 
JS cosudu = snu+C 3! 
where u = f(x). : 2 gx3 gt ‘ 
He +e 5-H 
PROBLEMS tad ems. iota 
smi ~~ =) wie de eee 
similarly e 1 — % + 7 3 4 


. p33 payed 
The series: @altiet Ste = se 


1. Show that: 
(a) sin x = 2 sin 5 cos 5 gt lege 
lila es i 
% 
(b) 1 + cos x = 2 cos? 5 — ee f(0) = 0 
(c) sins + siny = 2sin'/a(x+y) cost(x—y). f= Ey #0) = 0 
[Hint: Let x = a+ B, y = a — Band use (1).] f(x) = —cos x f""(0) = —1 
. . * f’"(x) = sin x f’"(0) = 0 
2. Show that: fos dx = fs xdx = —- (Hint: : 
0 0 2 = Oe es xe 
Use (1) with a = 6 and eliminate either sin? x or 3! 5! 
cos? x by means of the relation, sin? x + cos? x = 1). f(x) = cos x 
Compare equations (71), p. 328, (84), p. 330, and f(x) = —sin x 


discussion of orthogonal functions. f(x) = —cos x 
f'"xe) = sin x 


3. Show that f sin mx cos nxdx = fs sin mxsinnxdx = f'"(x) = cos x 


n n 
ee . COS ¥ 


cos mxcosnx = 0. mand are integers and are 


a 
different. (Hint: Use (3), (4), and (5) to convert iia 
the products into sums.*) Compare to discussion 


. : 2 py3 4 
on orthogonal functions. ee ee = ie 


a 2. 3!" 4! 
4. Show that ; oso. dx = 1 when2A = 7 if ¢, = Qn? 2x4 


Add: ae oS eS es 


2Ai sin = Compare (84), (85), p. 330. 2 (series for cos x) = 2 cos x 





* These integrals are important in evaluating the coefficients By subtracting: e* — e~#* = Qin — 21x? ee 
in a Fourier series expansion. 3! 
344 





Jury, 1935 


22 (series for sin x) = 22 sin x. 
e* + e-'® = 2cosx 
e* — e-i% = Qisin x 
Add: 2e* = 2 cos x + 2: sin x or é* = cosx +isinx 
Subtract: 2e-* = 2cosx — 2isin x or e~**=cosx — isin x, 
. f(x)_= (e* + e—™) = 2 cos x; f(x) = (e-#* + e*) = 2cos x 
S(x)f(x) = (ef + e-*)? = 4 cos? x. 
A iB - A —1B - 
fle) = E*; jay = SS Ke) = 
f(x) = 2A cos ax en2tivt- F(x) = 2A cos ax e2tivt; 
S(x)f(x) = 4A? cos* a x 
f(x) = 2Ai sin a x e~2i; f(x) = —2Ai sin a x e***; 
f(x) f(x) = 4A? sin? a x 
. (a) dx/dt = iwCee! — iwDe*ot ; i ; 
d%/di? = iutCet + iwDe-i+t = —w%( Celt + Deiat) 
J. b/d? + we = — w( Celt + De!) + 05% Ceiot 4 
De!) = 0 
(b) dx/dt = —wAsinwt+wBceoswt 
d*%x/dt?? = —w*Acoswt — w* Bsinwt = 
—w? (A cos wt + B sin w #) 
“. dx/dt? + wx = —w?(Acoswi+ Bsinwt) + 
w?(A coswi+ Bsinwt) = 0 
(c) dx/dt = w N cos (wt + 4) 
d*x/dt? = —w? N sin (wt + 8) 
“. dx/dt? + wx = —w?N sin (wt + 5) + 





A? + Bt 
4 


w*? N sin (wt + 4) 


5. (D — aD — B)y = 0 
(D — a)\(Dy — By) = 0 
Dty — Dpy — aDy + aby = 0 


dty d(By)__ dy 7 
dx? dx *k eters 


—-p-- a® + aBy = 0 (since @ is a constant) 


dy/ds* — (a + 6) 2 + apy = 0 


. dty/dx4 — my = 0 

(D* — m4)y = (D? + m®*) (D? — m)y = 
(D + im) (D — im) (D + m) (D — m)y = 0. 

A solution of (D + im)y = Oisy = Kie“*™* = 
Ki cos mx — 1K, sin mx 

A solution of (D — im)y = Ois y = Kxe*™* = 
K: cos mx + iK: sin mx 

A solution of (D + m)y = Ois y = K3e-™* = 
K; cosh mx — iK; sinh mx 

A solution of (D — m)y = O0isy = Kye™* = 
Ky, cosh mx + 1K, sinh mx 

Combining these we obtain: 


y = Cicos mx + C2 sin mx + C; cosh mx + C, sinh mx, 
where Ci = Ki + Kz, etc. 





BIOCHEMICAL LABORATORY NOTES 


W. E. THRUN 


Valparaiso University, Valparaiso, Indiana 


N THE directions (1, 2, 3, 4) given for the frequently 
performed experimental determination of the iso- 
electric point of casein a solution of pure casein 

(according to Hammarsten) in exactly 0.1 N sodium 
acetate is required. This is prepared by dissolving the 
casein first in water to which has been added an exact 
amount of exactly 0.1 N sodium hydroxide solution. 
The equivalent amount of exactly 0.1 N acetic acid is 
then added slowly with stirring, whereupon the solution 
is made up to volume. In this laboratory it was found 
that this solution can be prepared more readily and 
more satisfactorily by students when the following direc- 
tions are given. Dissolve 0.3 g. of sodium caseinate 
(obtainable from the S. M. A. Corporation, Cleveland) 
in about 30 ml. of cold distilled water contained in a 
50-ml. volumetric flask. Dissolve 0.41 g. (weighed 
accurately) of c.p. sodium acetate crystals in about five 
ml. of distilled water. Transfer this quantitatively 
with rinsing into the flask, which should be rotated 
during the addition. When the flask and contents have 
attained room temperature make up to the mark with 
distilled water and mix. 

In the Nesslerization of a blood filtrate or urine digest 
gum ghatti solution (5) is usually added as a protective 
colloid. This solution is usually prepared by suspend- 
ing the gum just under the surface of the water con- 
tained in a tall cylinder overnight, and straining it 


through cloth. Rapid methods for preparing this solu- 
tion are as follows. Pick out colorless tears of the gum 
and break into small pieces or into a powder. Transfer 
2 g. of the gum to bottle containing 100 ml. of water and 
about 25 glass shot. Violent shaking for about 2 min- 
utes will give a solution which is ready for use. If 
colorless tears are not available the colored tears are 
broken into small pieces, but not powdered. About 
2.5 g. of the gum is treated as given above; however, 
the shaking is not continued until the complete dissolu- 
tion of pieces. The undissolved remainder retains the 
brown woody substance and prevents its dispersion. 
The colorless solution is then decanted for use. If a 
brownish powdered gum only is available the solution 
obtained as directed above will have to be centrifuged 
or filtered through coarse paper. The addition of a 
drop of 0.1 N hydrochloric acid facilitates the removal 
of the brown suspension. 
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KEEPING UP WITH CHEMISTRY 


A paradoxical metal. Anon. Ind. Bull. Arthur D. Little, 
Inc., 100, 4 (Apr., 1935).—The recent publication of Dr. Henry 
G. Knight, of the U.S. Bureau of Chemistry and Soils, on ‘““The 
Selenium Problem,” brings this element to the fore again. 
The ‘‘problem” concerns the occurrence of selenium in certain 
soils, particularly in semi-arid states such as South Dakota and 
Wyoming, which causes poisoning of cattle and horses feeding on 
certain types of plants growing in such soil. The so-called “‘blind 
staggers’ or ‘“‘alkali disease’ of animals has been traced to 
selenium which spreads throughout the whole body of the animal 
but particularly the liver. Fortunately, the wheat raised on 
seleniferous soils does not run high in selenium and modern milling 
methods of blending prevent it from being a human problem. 
The problem of seleniferous soils is a world-wide one, and doubt- 
less needs consideration in Canada, Australia, the Argentine, and 
other countries with semi-arid soils which are wheat-raising areas. 
Selenium compounds taken internally or absorbed through the 
skin cause the whole body to take on a vile odor suggesting horse- 
radish, garlic, and brass all at once. It takes real courage, there- 
fore, to work with the selenites and selenates, for it may scent 
one’s perspiration and breath for a month. Selenium belongs to 
the sulfur family, and it possesses many of the properties of 
sulfur. In conjunction with sulfur it imparts resistance to wear 
in rubber. A most remarkable property of selenium is its ability 
to suppress the burning of rubber. The telephone companies 
have a patented exchange wire insulated with this material. A 
slight smudge of selenium near the bottom of a match made of 


sulfur (used in testing ammonia leaks) causes the sulfur flame to 
go out at once when the smudge is reached. This is really re- 
markable when it is remembered that selenium is sufficiently in- 
flammable to burn under certain conditions. Just recently a 
patent was applied for for blasting caps made of a mixture of pow- 
dered metallic tin and powdered selenium. Sulfur is definitely 
non-metallic, but selenium may be metallic or non-metallic. 
Selenium is used in one type of the ‘‘electric eye’’ and in some of 
the more recently improved photocells used in relays for turning 
on lights when darkness comes, for light-signaling, and even for 
television. Selenium finds a use in the glass industry by produc- 
ing a red color common to the automobile tail light and other 
red glasses. It is also used as a ‘‘bleach’’ in removing the green 
color from glass. G. O. 
Sequel to a scientific detective adventure. W. Davis. 
Sct. News Letter, 27, 276 (Apr. 27, 1935).—It has been found 
that the clue to heavy hydrogen’s discovery was wrong but the 
hidden twin was found just the same. The mistake has been 
corrected by a new determination of the atomic weight of hydro- 
gen. The value which served as a basis for the clue mentioned 
was 1.0078. The new weight suggested by others and confirmed 
by Dr. Aston is 1.0081. B. CV. 
Wire. A. S. Raprorp. Sch. Sci. Rev., 16, 360-9 (Mar., 
1935).—This article deals chiefly with the mechanics and en- 
gineering of wire drawing. There is, however, some discussion 
of the chemistry of metals suitable for fabrication into wires 
and of the materials used in insulating wires and cables. O. R. 


APPARATUS, DEMONSTRATIONS, AND LABORATORY PRACTICE 


The precipitation of aluminium with o-oxyquinoline in the 
presence of iron, nickel, cobalt, copper, chromium, and molyb- 
denum. T.HeEczKp. Chem.-Zig., 58, 1032-3 (Dec. 22, 1934).— 
The method is described, and the numerical results given show 
that its accuracy is sufficient for most purposes. L. S. 

The chemiluminescence of dimethyl-diacridylium salts. 
K. GLEN AND W. PetscH. Angew. Chem., 48, 57-9 (Jan. 19, 
1935).—The preparation of various salts, equations, and demon- 
stration of the chemiluminescence are given as well as theoretical 





explanations. One of the salts that can be used is N-N‘dimethyl- 
diacridylium nitrate for which the accompanying formula is 
given. L. S. 

An apparatus for demonstrating electrodsmosis. W. RENNE- 
BERG. Z. phys. chem. Unterricht., 48, 21-2 (Jan.-Feb., 1935).— 
A vertical cross-section of the apparatus is shown and its con- 
struction is explained in detail. LS. 

A new method of titrating with alkaline permanganate solution. 


H. Stamm. Angew. Chem., 52, 791-5 (Dec. 1, 1934).—The new 
method of titrating with alkaline permanganate involves the 
oxidation of the unknown by means of the quick reaction MnO,’ 
— > MnO,” without allowing the second slow reaction MnO,” —> 
MnO, to take place. The author discusses in detail the theoreti- 
cal basis and experimental procedure and describes fully a number 
of different applications. LE:'S. 

A simple epidiascope. H. E. Watson. Sch. Sci. Rev., 16 
342-6 (Mar., 1935).—Description, with drawings, of a projector 
built in a school shop, largely by students, at a total cost for 
parts and materials of approximately $14. O.R. 

Simple enzyme reactions. H.J. PHextps. Sch. Sci. Rev., 16, 
381-90 (Mar., 1935).—This article includes a brief introductory 
discussion of the general properties of enzymes, together with 
mention of several of the better known enzymes and their 
sources. The following experiments are suggested. 

Fibrin is obtained in grayish white strands by whipping fresh 
slaughter-house blood with a wire whisk. Strands of fibrin which 
collect on the whisk can be removed and washed free from blood. 
Fibrin thus prepared is soaked for 24 hours in a 0.01% solution of 
Congo red in the proportions of about 50 g. of wet fibrin per 100 
ce. of solution. The fibrin and dye solutions are then poured into 
excess of water and heated to about 80°C. for 20 minutes. The 
fibrin is then collected on a cloth and thoroughly washed under 
running water. When squeezed as dry as possible, it may be kept 
in a mixture of equal parts of glycerin and water, to which a little 
toluene to prevent mold growth has been added. 

The digestion of fibrin is easily followed, since Congo red is 
liberated as the protein is dissolved. In each of two series of four 
test-tubes, place a small particle of fibrin. To the first four tubes 
add, respectively, (a) 1 ce. of dilute pepsin and 1 cc. of 2N HCl; 
(b) 1cc. of pepsin and 1 cc. of dilute NazCO;; (c) 1 cc. of water and 
lcc. of 2N HCI; (d) 1cc. of pepsin and 1 cc. of 2N HCl. Boil the 
whole at once for a few moments. To the remaining tubes add, 
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respectively, (a) 1 cc. of trypsin sol’n and 1 cc. of 2N HCl; (6) 
1 ce. of trypsin, 1 cc. of dilute Na2CO; sol’n; (c) 1 cc. of water 
and 1 cc. of NazCOs;sol’n; (d) 1 cc. of trypsin and 1 cc. of NasCO; 
sol’n, and boil the whole for a few moments. Cool the tubes 
which have been boiled and place in a water bath at about 40°C. 
When a considerable amount of dissolved Congo red has ap- 
peared in trypsin tube (5), remove all the tubes from the water 
bath. Neutralize the acid tubes to change the dark blue acid dye 
to red and compare the tubes colorimetrically. 

The clotting of milk by pepsin and rennin can be demonstrated 
by adding about 1 cc. of commercial preparations of the two en- 
zymes to about 5 cc. of milk, which is kept at 38-40°C. in a water 
bath. The milk will clot rapidly. If the tubes are kept in the 
water bath for some time after the clot has formed, the clot will 
gradually contract and a clear fluid will be squeezed out. 

To demonstrate the dependence of rennin clotting on the presence of 
calcium, it is necessary to prepare a sample of “‘decalcified” milk. 
This may be done by adding to 100 cc. of milk about 30 cc. of N/5 
ammonium oxalate. With this ‘decalcified’ milk set up a series 
of three tubes, containing in the first 3 cc. of oxalated milk to- 
gether with 1 ce. of N calcium chloride sol’n and 1 cc. of com- 
mercial rennin preparation; in the second 3 cc. of milk and 1 cc. 
of rennin; in the third 3 cc. of milk and 1 cc. of rennin preparation 
which has been boiled. Place all three tubes in a water bath at 
40°C. for at least 10 minutes, or until a clot has formed in the 
first tube. Next, boil the contents of the second tube for a short 
time to destroy the rennin. After cooling this tube, add about 
1 ce. of calcium chloride sol’n to both the second and third tubes. 
The contents of the second tube clot at once, thus demonstrating 
that the hydrolysis of casein by rennin, which is the essential pre- 
liminary of clot formation, has proceeded normally in the absence 
of calcium, although no clot will form until calcium is supplied. 
The contents of the third tube do not, of course, form a clot 
since the rennin is inactivated by the preliminary boiling. 

For demonstration of the optimum pH for trypsin digestion, 
a series of eight tubes containing sodium borate-boric acid 
buffers ranging from pH 7.4-9.2 is suggested. In these tubes a 
trypsin digestion of fibrin is carried out as previously described. 

A dilute solution of ptyalin, present in saliva, may be obtained 
by washing out the mouth with a small quantity of water. To 
demonstrate the action of ptyalin on starch, make up a 1% starch 
paste and put 3 cc. of this in each of five test-tubes, and add to 
each tube an equal volume of diluted saliva. Place all the 
tubes in a water bath at 40°C. The progress of the hydrolysis 
of the starch may be followed by testing with iodine, which gives a 
blue color with starch and a red with dextrin, and by testing for 
reducing sugar with Fehling’s solution. b 

Chlorophyll. J. Grtiesprr. Sch. Sci. Rev., 16, 391-405 
(Mar., 1935).—This article is introduced by a discussion of the 
chlorophyll complex from the biological point of view. The 
anatomy and the origin of the chloroplast are discussed and 
chlorosis is considered, as well as the effect of light on the develop- 
ment of chlorophyll. The chemistry of the chloroplast pigments 
is briefly reviewed and the Hans Fischer formula (1934) for 
chlorophyll is given. The following laboratory studies are 
suggested. 

Extraction of plastic pigments. Suitable materials are dried 
leaves of the common stinging nettle (Urtica dioca), the wall- 
flower, and the red currant. Extraction can be made with wet 
acetone. 

Separation of chlorophyllsa and b. Add the acetone extract to 
double its volume of petroleum ether in a separating funnel. 
Carefully run down the side of the funnel a volume of distilled 
water equal to that of the acetone extract. If this operation is 
not carefully carried out, an emulsion will be formed. The 
pigments will separate into the petroleum ether layer, and the 
lower greenish, watery layer may be drawn off. This process 
should be repeated three or four times. The petroleum ether 
solution may then be shaken with an equal volume of 92% MeOH. 
The uppermost layer will be an ethereal solution of chlorophyll a 
plus carotin, and the lower layer a methyl-alcoholic solution of 
chlorophyll 6 with xanthophyll. 

To separate chlorophyll a from carotin, shake 5 cc. of the 
petroleum ether solution with 2 cc. conc. methyl-alcoholic potash. 
The green color disappears but reappears slowly. When the 
solution is fully green, slowly add 10 cc. of water and then a little 
more ether. Vigorous shaking causes the separation of two 
layers. The watery layer is an alkaline solution of chlorophyllin. 

The fluorescence of chlorophyll may be readily demonstrated by 
placing a flask containing an ether or acetone solution of chloro- 
phyll between an electric light and a mirror. Viewed directly 
(that is, by reflected light), the solution in the flask appears green; 
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seen in the mirror (that is, by transmitted light), the solution 
appears red. Fluorescence experiments should always be per- 
formed with freshly prepared solutions. 

The spectra of the green chlorophyll pigments may be studied 
with an ordinary hand spectroscope which has been calibrated 
against a sodium flame to determine the exact position of the D 
Fraunhofer line. OR. 

The oxidation of ammonia to nitric acid. D. Neary. Sch. 
Sci. Rev., 16, 410 (Mar., 1935).—The manufacture of nitric 
acid from ammonia may be demonstrated by connecting in series 
a Dreschel bottle containing ammonia solution plus litmus, a 
hard-glass tube containing platinized asbestos, a second Dreschel 
bottle containing water plus blue litmus, and a water pump. 
Air is drawn through the ammonia solution and the ammonia-air 
mixture passes over the heated platinized asbestos. The prod- 
ucts then bubble into the water in the second Dreschel bottle and 
sufficient nitric acid is produced in a few minutes to redden the 
litmus. The ammonia solution recommended consists of approxi- 
mately equal volumes of 88% ammonia and water. Oxygen 
should not be used instead of air, for the reaction is too violent. 


Spontaneous oxidation of zinc and the nature of pyrophoric 
zinc. S.A. Coase. Sch. Sct. Rev., 16, 414 (Mar., 1935).—Ab- 
stracted from SEBBORN, Jrans. Faraday Society, 29, part 5 
(May, 1933). To make pyrophoric zinc. About 50 g. of zinc 
dust, of the quality used for laboratory reductions, is moistened 
with 10% caustic soda and thoroughly mixed to form a stiff paste. 
Excess moisture is then removed by pressing between filter papers. 
The mass is then placed on a sheet of asbestos board and exposed 
to the air of the laboratory. After about 10 minutes, steam 
begins to rise rapidly, and after 15 minutes, the mass commences 
to glow brightly with vigorous oxidation, the incandescence 
spreading rapidly. 

The mechanism appears to be as follows: Sodium hydroxide 
dissolves the surface film of oxide and hydroxide from the metallic 
zinc, forming sodium zincate. The combined effects of the heat 
of this reaction and the removal of the protecting oxide film from 
the naturally reactive zinc cause further oxidation to take place: 
the resultant new oxide film is again removed by the caustic 
alkali; hence the reaction Zn + O —~» ZnO proceeds with ac- 
celeration, until the temperature is sufficient to cause incan- 
descence. ©: ER: 

Dilution of standard solutions to others of known strengths. 
E. J. Leeminc. Sch. Sci. Rev., 16, 416 (Mar., 1935).—For con- 
venient calculation of the proportions of two stock solutions to 
be used in preparing a solution of intermediate conc. the follow- 
ing formula is suggested: 

Ve N=WN, 

ViM—N 
where Vp = volume of stock solution of normality No, Vi = 
volume of stock solution of normality N,, and N = normality of 
desired solution. When the diluent is H.O, Ni = 0 and 


a. ce 
A ee O. R. 


Photochemical reactions. A. Pickies. Sch. Sct. Rev., 16, 
417-8 (Mar., 1935).—Four classroom experiments based on the 
following reactions: % 


(1) (NH,)2C:0, + 2HgCl —> Hg:Ch, + 2NH,Cl + 2CO; 


(2) 4CHI; + 30, —» 4CO + 2H,0 + 6I: 
4CHI; + 50. —> 4CO, + 2H:0 + 612 


CH-OH-COONa 
(3) + 5Br. + 2H,O —> NaBr + KBr + 
8HBr + 4CO:; 


CH-OH:COOK 


(4) (NHy,)2C204 ob I,-_~> 2NHiyI + 2CO, : O. R. 


TEACHING OBJECTIVES, METHODS, 
AND SUGGESTIONS 


New models for the demonstration of the correct space oc- 
cupancy of molecules. H. A. Stuart. Z. phys. chem. Unter- 
richt., 48, 19-20 (Jan.-Feb., 1935).—The usual wire-ball models 
are compared with sphere models. Sphere models are shown 
for COs, CHy, and Ci2He(2-Duodecane). L..S. 





RECENT BOOKS 


A GERMAN-ENGLISH DICTIONARY FOR CHEMISTS. Austin M. 
Patterson, Antioch College. Second edition, John Wiley & 
Sons, Inc., New York City, 1935. xx + 411 pages. 12 X 
17.5 cm. Flexible binding. $3.00. 


Only those whose use of chemical German goes back prior to 
the publication of the first edition of Patterson’s ‘‘German- 
English Dictionary for Chemists’? can appreciate what a tre- 
mendous help this book has been to chemists and chemical 
engineers. The object of this book is to make it easier for us to 
use the chemical literature and in the second edition the author 
has made a very considerable improvement. Not only have more 
words been added, whose use is shown to be necessary, and this 
increase may be roughly estimated by noting that the second 
edition has 411 pages in comparison with 342 for the first edition 
with its addenda, but throughout the entire dictionary a close 
inspection indicates that many new translations have been added 
for a large number of the German words. Indeed, the reviewer 
looks upon this new edition as almost a rewriting of the first 
edition. On the other hand, the author has not unduly enlarged 
the dictionary by the addition of German words whose transla- 
tion is self-evident. The author has retained his very excellent 
and useful introduction, wherein some of the basic principles of 
German chemical nomenclature are discussed. The entire 
dictionary is a scholarly and a most important work. 

It is indeed hard to see how any chemist or chemical engineer 
can get along without a copy of ‘“‘Patterson” at his right hand. 
R. Norris SHREVE 


PuRDUE UNIVERSITY 
LAFAYETTE, INDIANA 


STRUCTURE AND PROPERTIES OF MatTTER. Herman T. Briscoe, 


Professor of Chemistry, Indiana University. First edition, 
McGraw-Hill Book Company, Inc., New York and London, 


1935. x+420pp. 139 figs. 14 X 20.5cm. $3.75. 


This book is neither a comprehensive treatise, critical review, 
nor popular work on the subject. It is an attempt “‘to interpret 
from the chemist’s point of view some of the facts and opinions 
concerning matter as they have been discovered or suggested 
from the time of Aristotle to the time of Bohr and Schrédinger.”’ 
It is the outgrowth of several years’ lectures designed to give 
graduate students in chemistry, not specialists in this narrow 
field, a good idea of the trend and possibilities of modern thought. 

The development of the theme follows the historical order. 
Beginning with the Greek philosophers, the author takes us 
rapidly through the time of Dalton and the work of Mendeléeff 
to the beginning of the 20th century. Then in order are dis- 
cussed radioactivity, the electron, protons and other positive 
particles, the atomic nucleus and the determination of the nu- 
clear charge, the structure of crystals, the structure of the atom 
from the standpoint of the octet theory, radiation, the structure 
of the Bohr atom and the origin of spectral lines, electronic dis- 
tribution about the nucleus, valence, and the new quantum me- 
chanics. Fifty-six pages are devoted to the last subject alone. 

Although the book is professedly somewhat elementary in 
character, nevertheless many of the more important mathemati- 
cal relationships are ably discussed and even derived. There are 
abundant illustrations. Literature references are scanty, but 
to each chapter is appended a very good list of highly specialized, 
original, and authoritative works on the subject. The style is 
clear and attractive. The author shows a knack for the use of 
helpful analogies. 

The introduction states that many subjects have been omitted. 
To a certain extent, this is true. Raman spectra and kindred 
subjects are ignored and Perrin’s work on the Brownian move- 
ment is dismissed with a word. Nevertheless, the author has 
been too modest in his claims. Here is, indeed, a full-course 
dinner for the graduate student who wishes to become oriented 
and lay a firm foundation for further study. 

The reviewer wishes to compliment Dr. Briscoe especially on 


his choice of treatments. The historical approach is by all odds 
the most informative and inspiring for the beginner. Few 
people, reading this book, can fail to have the desire to learn 
more about these matters. This work is heartily recommended 
as a text for graduate study and as a ground breaker for anyone 
interested in modern chemical thought. 


UNIVERSITY OF MARYLAND MA.Lcotm M. HarINnNG 
COLLEGE ParRK, Mp. fs 


UniT PROCESSES IN ORGANIC SyNnTHESIS. P. H. Groggins, 
Editor-in-Chief, The Color Laboratory, U. S. Department of 
Agriculture. First edition. McGraw-Hill Book Company, 
Inc., New York and London, 1935. xii + 689 pp. 15 X 
23 cm. $5.50. 


The purpose of this book, as stated by the author, was to com- 
pile a text for advanced students in chemistry and chemical 
engineering, arranged as a study of the unit processes involved 
in organic syntheses of the type carried out in industry. This 
involves, according to the author, an examination of the reac- 
tants, an inquiry into the mechanism of the reaction, a knowledge 
of the chemical and physical factors involved, observation re- 
garding the design and construction of equipment, and finally a 
study of typical technical applications. 

The book was edited by Dr. Groggins, with the aid of ten con- 
tributors who wrote the articles on special fields. As might be 
expected in any book composed by a corps of specialists, there are 
a few discrepancies between the statements made on the same 
subject in different places in the volume, but these may be re- 
garded as differences of opinion rather than eriors. 

The book appears to be admirably suited to the purpose for 
which the author states it is applicable—a textbook for ad- 
vanced students in chemistry and chemical engineering. 

The unit processes are discussed logically, clearly, and without 
undue emphasis upon either the theory or practice, so that the 
student should obtain a good bird’s-eye view of each of the unit 
processes discussed. The unit processes themselves are well 
selected, covering the chemical reactions involved in industrial 
synthetic organic chemistry quite comprehensively. The book 
is well indexed, and we believe it a valuable addition to the 


literature of this field. 
JACKSON LABORATORY 
E. I. pu Pont pE Nemours & Co. 
WILMINGTON, DELAWARE 


W. S. CaLcotr 


QUANTITATIVE CHEMICAL ANALYsIS. Alfred Stock, Professor in 
the Technical High School at Karlsruhe, and Arthur Stéhler, 
University of Berlin. Translated from the fourth German edi- 
tion by Winton Patnode, Research Chemist, General Electric 
Company, and L. M. Dennis, Emeritus Professor of Chemis- 
try at Cornell University. McGraw-Hill Book Company, 
Inc., New York City, 1935. x + 176 pp. 30 figs. 13.5 X 
20.25cm. $1.75. 


The book contains six chapters, as follows: 


ChapterI. Introduction 

Chapter II. General Considerations (apparatus, technic, etc.) 
Chapter III. Volumetric Analysis 

Chapter IV. Gravimetric Analysis 

Chapter V. Electroanalysis 

Chapter VI. Electrometric Volumetric Analysis 


The volumetric analysis includes the usual standardizations 
of acids and bases, also of oxidizing and reducing agents. There 
are the usual practice titrations. Perhaps the unusual thing 
is the reduction of nitrates with Devarda’s alloy (Cu-Al-Zn). 
There are the usual oxidations and reductions, and also such 
precipitations as that of silver as thiocyanate and as chloride 
(Gay-Lussac method). Zinc is precipitated as ferrocyanide. 

The gravimetric work includes, among other things, the usual 
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determinations of chloride and sulfate, the analysis of certain 
minerals such as feldspar, dolomite, and chalcopyrite; phosphate 
by the molybdate method, separation of iron from manganese 
by use of hexamethylenetetramine, separation of arsenic by 
distillation as chloride, a bromometric method for antimony, 
and a colorimetric (sulfide) method for small amounts of lead. 
Magnesium is precipitated and weighed as magnesium 8-hydroxy 
quinolate. 

Electroanalysis covers more ground than is usual in elementary 
manuals. It includes a determination of copper, separation of 
copper from nickel, separation of silver from copper by use of 
graded potential, use of rotated anode and mercury cathode, and, 
finally, determination of copper, zinc, and tin by a combina- 
tion of gravimetric, volumetric, and electrolytic methods. 

The electrometric titrations include permanganic-iron and a 
silver titration for mixed iodide and chloride. 

The procedures are clear and concise, and the work of transla- 
tion has been well done. The translators recommend this book 
because it pays'very little attention to physico-chemical explana- 
tions, claiming that the late trend in this direction is unfortunate 
because too little time is left for development of technic. The 
reviewer must take issue with the translators at just this point. 
If there is any branch of chemistry which has profited by applica- 
tion of physical chemistry it is certainly analytical. In fact, 
there are many analytical processes which can neither be ex- 
plained nor well done without the use of physical chemistry. 
It is true that analytical chemistry is an art, but it is also a 
science: and it seems very unfair to lead a student to think that 
the manipulative side is the more important. Moreover, it is 
not true that a proper teaching of the scientific side leaves too 
little time for the manipulative side. The one is taught largely 
in the classroom and the other in the laboratory, and the latter 
will not be neglected if the teacher is ‘“‘on the job.” Again, a 
student who has been given the proper scientific background will 
learn the practical side much more readily, because he sees the 
reasons for the procedures. W. H. CHAPIN 


OBERLIN COLLEGE 
OBERLIN, OHIO 


CRYSTALS AND THE POLARISING Microscope (A Handbook for 
Chemists and Others). N.H. Hartshorne and A. Stuart of the 
University College of Swansea. Foreword by G. T. Morgan. 
Edward Arnold and Co., London (Longmans, Green and Co., 
New York City), 1934. viii + 272 pp. 217 figs. 14 X 21.5 
em. $6.00. 


This rather small book by a chemist and a geologist, excellently 
illustrated with line drawings, succinctly and carefully covers its 
subject. Chapter headings (with number of pages to each) 
follow: I, Crystalline State (7); II, Morphology (41); III, 
Optical Properties (43); IV, Polarising Microscope (29); V, 
Parallel Light Examination (46); VI, Convergent Light Exami- 
nation (48); VII, Examples of Use (13); VIII, Methods and 
Experiments (29). As is to be expected, the major portion 
of the book is given over to optical methods. The section on 
morphology, however, is treated at satisfactory length. It 
covers indices of faces, habit, cleavage, twinning, and lists the 
32 classes with their symmetries (and examples) by systems. 

Chapters III-VI call for no particular comment as regards 
contents and arrangement, though one is very favorably im- 
pressed in respect to clarity of exposition, accuracy, and com- 
pleteness of coverage. Chapter VII cites and briefly describes 
over 50 published examples of the use of the polarizing micro- 
scope in inorganic and organic studies, giving a fair idea of their 
variety, but is of course far from exhaustive. The final chapter 
(followed by a page of references to determinative tables and an 
index) summarizes in systematic fashion the methods of study of 
non-opaque crystals and describes 14 experiments to be carried 
out on laboratory-grown crystals which serve to illustrate well 
the principles covered in the book, including the special value of 
optical methods in attacking certain chemical problems. 

While the book is remarkably free from errors, some were 
noted. These and some controversial points are as follows: 
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p. 5, 1. 2—crystals of class 1 show no symmetry. 

p. 23, 1. 11—(111) is read ‘‘one one minus one.”’ 

pp. 37, 39—classes 19 and 22 are hexagonal, not rhombo- 
hedral. 

p. 44—hexagonal pyramidal means 6 (not 3) cleavage planes; 
tetragonal prismatic means 2 (not 1). 

p. 89—X-ray workers place Ba(NO;)2 in class 30 (p. 40; 
= Th = Pa3); this may account for its lack of optical 
activity. 

p. 132—‘‘twinkling’”’ is an interesting term; defined on p. 150. 

p. 144, 1. 23—refractometers extending well above 1.70 are not 
uncommon. 

pp. 153 et seg.—py used in place of mu. 

p. 157—y used in place of y. 

pp. 158 e¢ seqg.—“‘optic normal section” is used to mean a 
section containing the optic axes, because the optic axes are 
then normal to the axis of the microscope (p. 182). ‘Optic 
axial section’”’ is used for one normal to an optic axis. 

p. 159, 1. 25—parallel is better than straight (extinction). 

p. 160, Fig. 147—010 should read 001. 

p. 169—formula of diopside does not agree with that on p. 
160; formula of microcline is erroneous; trace of pericline 
twinning on 010 (Fig. 159) is too steep for plagioclase. 


These comments are all rather minor and do not serve to 
detract seriously from the value of the book. Any teacher willing 
to cover optical methods with polarized light in a course separate 
from (and presumably preceding) one on general microchemical 
methods will find this book different from any in English known 
to the writer, and careful examination is unreservedly recom- 
mended. 

The tariff on scientific books apparently operates in this case, 
as in so many others, to increase by 50 per cent. the cost of a text 
of great potential value in the United States. 


THE UNIVERSITY oF CHICAGO D. JEROME FISHER 
Cxrcaco, ILLINOIS 


BIOCHEMICAL LABORATORY METHODS FOR STUDENTS OF THE Bio- 
LOGICAL ScrENCES. Clarence A. Morrow, Ph.D., Late Assist- 
ant Professor of Agricultural Biochemistry, University of 
Minnesota, and William M. Sandstrom, Ph.D., Assistant Pro- 
fessor of Agricultural Biochemistry, University of Minnesota. 
John Wiley & Sons, Inc., New York City, 1935. xv + 319 pp. 
38 figs. 12 tables. 15 X 23 cm. $3.75 net. 


This laboratory manual is designed to accompany Gortner’s 
“Outlines of Biochemistry.’’ The opening chapter deals with the 
colloidal state; the classes of colloids, and their behavior, diffu- 
sion, hydrogen-ion concentration, and surface phenomena in 
solutions are illustrated with an extensive series of experiments. 
Then follow chapters on Physical Chemical Constants of Plant 
Saps, Oxidation-Reduction Potential, Proteins, Carbohydrates, 
Glucosides and Tannins, Fats and Allied Substances, Enzymes, 
and Plant Pigments. There are many experiments on the prepa- 
ration of individual amino acids, their estimation, and the prepa- 
ration of their derivatives. In addition to the conventional exer- 
cises on the carbohydrates there is an excellent section devoted to 
the preparation of unusual sugars. The material dealing with 
plant pigments touches upon topics of interest to students of 
nutrition. 

In many instances the directions for the experiments are pre- 
ceded by a discussion of the principle involved or the significance 
of the topic, and at the end of every experiment is a list of per- 
tinent references. The directions are clear while at the same 
time the student is compelled to call more or less on his own 
resources and experience. There is a conspicuous lack of con- 
sideration of biochemistry of animal tissues and body fluids; 
in other words, there is little appeal to those to whom bio- 
chemistry means medical chemistry. Nevertheless, this new edi- 
tion represents a distinct contribution to the teaching of general 
biochemistry. ArTHUR H. SMITH 


YALE UNIVERSITY 
New Haven, CONNECTICUT 





TRADE ANNOUNCEMENTS 


pH Testing by the Indicator Strip Method 


Under the above title, Pfaliz & Bauer, Inc., New York City, 
have issued a six-page folder describing the Wulff pH tester and 
the procedure followed in its use. The Wulff tester is particu- 


larly recommended for its rapidity, economy of test solutions, 
and its applicability to highly colored, turbid, or viscous solutions. 


Water Stills 

The Barnstead Still and Sterilizer Company, 21 Lanesville 
Terrace, Forest Hills, Boston, Mass., has just published a new 
illustrated bulletin describing the operation and exclusive fea- 
tures of Barnstead Water Stills of single, double, and triple types 
made in a full range of sizes to furnish from !/2 gallon to 5000 
gallons per day. These Stills are made for laboratory and indus- 
trial service and may be heated by steam, gas, or electricity. 
Bulletin may be obtained by writing the makers. 


Assay Balance 

Henry Troemner, 911 Arch St., Philadelphia, announces a new 
model assay balance. Although many costly features have 
been eliminated to permit the offer of this equipment at low cost, 
the workmanship is of the same high standard that has always 
characterized Henry Troemner balances. This balance (No. 060 
and No. 070), together with the new gold assay balance (No. 7X), 
the new silver assay balance (No. 30X), and the bullion balance 
(No. 185A), is described in a leaflet recently issued by the manu- 
facturer. 


Dark Field Optical Systems 


Above is the title of a well-illustrated and instructive little 
pamphlet (15.5 X 23.5 cm., 16 pp.) which may be had upon 
application to Bausch & Lomb Optical Co., Rochester, New York. 


The Charlotte Colloid Mill 


Under the above title the Chemicolloid Laboratories, Inc., 44 
Whitehall Street, New York City, have recently issued a catalog 
and price list (22 X 28 cm., 12 pp.) completely describing, by 
means of blueprints and otherwise, all models of their mill. A 
list of products upon which the mills operate successfully is also 


included. 


Blue Line Exax Catalog 


For the convenience of those engaged in organized research 
the Kimble Glass Co., Vineland, N. J., presents a new catalog and 
price list (21.5 X 28 cm., 64 pp.) covering the complete line of 
Blue Line Exax Graduated Glassware, stocked by leading labora- 
tory supply houses throughout the United States and Canada. 

Quantity prices have been studiously planned so that now even 
the small laboratory may effect a considerable saving through 
purchases of glassware in the new smaller cases. Purchases of 
5 or 10 case lots bring a still further reduction in prices. 


Air-Conditioning Regulation 


Anyone interested may have a copy of a new bulletin which 
has just been issued on the application of electrical thermome- 
ters to the ‘Efficient Regulation of an Air-Conditioning System.”’ 

In a concise, orderly way, this unusually well-illustrated, 24- 
page booklet tells the owner, the architect, the engineer, and the 
contractor what each needs to know about electrical thermome- 
ters. It may be had by asking Leeds & Northrup Company, 4934 
Stenton Avenue, Philadelphia, Pa., for Bulletin 4001. 
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Kjeldahl Digestion Equipment 


The U. S. Stoneware Co., 50 Church St., New York City, offers 
a new pent-tube construction with individual fume hoods (patent 
pending) as the final answer to the vital problem of clean, safe, 
and efficient fume withdrawal. The following are some of the 
exclusive features of this design: 

1. Each flask neck enters an individual fume hood or pent, 
molded on the manifold tube. 

2. Each individual fume hood or pent is self-draining. 

38. The fact that the suction holes between the manifold tube 
and the individual hoods are small, makes it possible to use a 
small exhaust fan. 

4. Flasks are very easily placed in position without danger of 
breakage, often a serious item of expense. 

“U.S. Stoneware” Kjeldahls do not require the use of a labora- 
tory hood. Either the rubber-lined or chemical-stoneware- 
lined exhaust fan will completely remove all corrosive fumes with- 
out any gases escaping into the laboratory. The chemical- 
stoneware-lined exhaust fan is particularly recommended for 
Kjeldahl work, the additional cost being amply justified by 
reason of its longer life. All units can be operated from a lamp 
socket, the power consumption being very small. 


Safety with Comfort in New Chemical Gozzgle 


A new goggle, effectively ventilated but giving protection from 
splashes of dangerous liquids and the impact of flying particles, 
has been announced by American Optical Company. 

The eyecups are molded to fit snugly to the contour of the face 
and so prevent liquid from entering around the goggle. Air 
circulates through slots in the lens rings, through the radial slots 
in the eyecups, and through the perforated side shields. A solid 
baffle plate in back of the side shield is flared out on the edge 
nearest the lens, permitting air circulation but isolating the eyes 
from splashes. 

The goggle is fitted with Super Armorplate lenses, case hard- 
ened, providing maximum lens protection from impact. 

The adjustable rubber-covered ball chain bridge, together 
with the adjustable one-piece headband, provides for exact and 
comfortable fitting to individual workers. 

A folder illustrating the construction of the AO Duralite-50 
Chemical Goggle and describing its comfort and safety features 
may be obtained by writing the American Optical Company, 
Southbridge, Massachusetts. 


Continuous Vapor Pressure Recorder 


The C. J. Tagliabue Mfg. Co. Brooklyn, N. Y., has obtained 
exclusive world-wide manufacturing and sales rights for a new 
Vapor Pressure Recorder. This device is a development of 
Industrial Engineers, Inc., of Los Angeles, Calif., under the 
Kallam patents and will be known as the TAG-Industrial Engi- 
neers Continuous Vapor Pressure Recorder. 

Now, instead of the long delayed results obtained from the 
Reid laboratory test, it is possible with this recorder to have a 
continuous record of vapor pressure instantly available. As 
vapor pressure is the most important single factor in the manu- 
facture, blending, and shipping of light petroleum products, the 
utility of this device will be appreciated. 

It is fully described in bulletin No. 1115 which the company 
will be glad to send on request. 


Central Scientific Company Moves 


The Central Scientific Company wishes to announce that after 
April 20, 1935, all communications to the main office and factory 
should be addressed to 1700 Irving Park Blvd., Chicago, Illinois. 
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“DuPrene” 


DuPrene is the trade-marked name for a synthetic rubber 
made by E. I. du Pont de Nemours & Company, Inc. It resembles 
natural rubber in strength, toughness, and elasticity but differs 
from natural rubber in that it can be vulcanized by the application 
of heat alone, no sulfur being required. Vulcanized DuPrene is 
more resistant to oxidation than natural rubber and suffers less 
deterioration in the presence of oils. It also withstands the 
action of sunlight better than natural rubber. It is used in 
preference to natural rubber wherever conditions of service 
call for a rubber-like material more stable than the natural product. 

A popular description of DuPrene is given in a small illustrated 
booklet recently issued by the Rubber Chemicals Division, E. I. 
du Pont de Nemours & Co., Wilmington, Delaware. 


The Romance of Exploration 


Many a gallant and memorable figure stalks across the pages 
of ‘“‘The Romance of Exploration and Emergency First-Aid,’’ 
a booklet just issued by Burroughs Wellcome & Co., New York 
City. 

In effect, this is a compendious handbook of most of the 
important achievements in discovery in the last two centuries. 
It surveys rapidly the amazing histories of Stanley and Livingstone 
in Africa and also the tragedy of Dr. Mungo Park. Burton and 
Speke, Grant and Sir Samuel Baker, Emin Pasha and the Baron 
Dhanis are other heroes of African adventure to be found in this 
little volume. 

Among other dramatic narratives to be found in ‘“The Romance 
of Exploration”’ are those of Sir John Franklin and the intrepid 
fellows who went to the Arctic to find him. Likewise the tale of 
what happened to General Adolphus Washington Greely, 
Peary, of course, Nansen and Andree, Walter Wellman, and Vilh- 
jalmur Stefansson. 

Naturally, the accomplishments of Admiral Byrd are duly 
related, as well as those of Scott and Shackleton, Amundsen, and 
Sir Hubert Wilkins. 

Here, too, we encounter the Roosevelts, father and sons, 
Roy Chapman Andrews and Sven Hedin, the Duke of 
Abruzzi, and Dr. Alexander Hamilton Rice. One portion of the 
booklet deals with the conquest of Mount Everest and another 
with the pioneers of aerial navigation, from Bleriot to Lindbergh. 

It is only natural that the booklet should drive home one 
salient factor in all voyages of discovery: the importance of 
compact and reliable medical equipment. It is profusely illus- 
trated with reproductions of the medical and first-aid equipments 
carried to the four quarters of the globe by those intrepid souls 
who matched their skill, strength, and dauntless courage against 
the malignant forces of nature. 

The collection of relic medical equipments which formed a 
highly interesting part of the Burroughs Wellcome & Co. exhibit 
in the Hall of Science at the Chicago World’s Fair now may 
be seen at the firm’s Exhibition Galleries in New York. 


Carbon Monoxide, the Killer 


The rapidly increasing menace of carbon monoxide in industry 
presents a challenge today that no responsible official can afford 
to overlook; particularly since it has been shown that practically 
no industry is exempt from the hazard of the gas. 

The immediate need is for rapid and widespread dissemination 
of clean-cut information on the habits and toxic effects of carbon 
monoxide; and on the equipment developed severally to detect 
its presence, protect the individual, and resuscitate the victim. 
All of that information is available under one cover in a new 
publication, ‘‘Carbon Monoxide, the Killer” (14 X 21.5 cm., 20 
pp.), prepared by Mine Safety Appliances Company, Pittsburgh, 
Pa., manufacturer of a comprehensive line of —— carbon 
monoxide protective apparatus. 

Copies of this publication may be secured valcke charge by 
addressing the company direct. 
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Metal Radio Tubes 


A new line of metal radio tubes, which tests indicate to be of 
greater continued efficiency of operation than the glass type now 
in use, has been announced by the General Electric Company, 
Schenectady, N. Y. Developed in the research laboratories of 
the company at Schenectady, these new metal tubes are not 
only much smaller and more sturdy, but offer many improved 
electrical characteristics over the conventional tubes of today. 
They provide their own shielding and this metal shell is a better 
heat conductor and radiator than glass. They are particularly 
advantageous in the field of short wave reception, which in the 
last year or two has become an important part of all radio re- 
ceivers. The short leads of the tubes permit greater amplifica- 
tion at the higher frequencies and the more effective shielding 
insures greater stability. 

These new tubes are not interchangeable with glass tubes in 
the present type radio receivers and will make their first appear- 
ance in the new fall line of General Electric sets. 

The engineering contributions which are cited by General 
Electric as having helped make the metal tubes possible, are: 

A new, sturdy seal to replace the troublesome and expensive 
feather-edge type of glass-to-metal seal. 

Accurately controlled seam, spot, and projection welding for 
the fabrication of the envelope or shell. 

A vacuum-tight means of sealing off a metal exhaust tubulation. 


Oiled Silk Laboratory Aprons 


The Blossom Manufacturing Co., 79 Madison Ave., New York 
City, offers laboratory aprons of oiled silk and oiled pongee. 
The fabrics are manufactured by the General Electric Company, 
especially for this purpose. They are strong, durable, light in 
weight, and resist most acids. They contain no rubber and will 
not stick. Thirteen fast colors are available. 


“Pro-Tek” 


A new vanishing cream which forms an invisible glove, pro- 
tecting the skin against dirt, paint, and grease, has recently been 
announced by the Finishes Division of E. J. du Pont de Nemours 
& Company, and is described in the May issue of The Du Pont 
Magazine. The new product, which is known as “Pro-Tek,” 
is not a soap, but a cream compounded primarily for protection, 
and it is claimed to be entirely harmless and non-irritating to the 
skin. 

The cream, when rubbed on the hands, apparently disappears, 
leaving them dry and free from any feeling of stiffness or greasi- 
ness. All dirt and grime subsequently picked up can be washed 
away with running water, leaving the skin soft, clean, and healthy, 

“Pro-Tek” is being offered as one ofthe No. 7 Line products, 
through drug stores, hardware and paint stores, and by auto 
accessory dealers. 


The Bennett Balance 


A new balance that meets the long-felt need for a low-priced 
balance, sensitive to a few milligrams, and of a design suitable for 
use by general chemistry students, is offered by R. P. Cargille, 
Distributor, 118 Liberty St., New York City. This balance 
combines the advantages of finest materials, with a degree of 
accuracy and a low price that is made possible only by most 
modern methods of manufacture and quantity production. It 
is a notable advance in this field. Even beginners can make 
weighings to a few milligrams in a few moments on this balance. 
Capacity, 100 grams; sensitivity, 20 milligrams or better. 
Polished bakelite base and pan. No loose weights; rider weights 
attached. Convenient size; fits into laboratory drawer. 





Indispensable to 


—teachers of chemistry 
—high school and college libraries 
—students of chemistry 


THE DISCOVERY 
OF THE ELEMENTS 


By Mary Elvira Weeks, Ass’t Professor of Chemistry 
University of Kansas 


cas worth-while book made such a big place for itself that the first large printing was en- 
tirely sold out in a few months. A revised Second Edition, attractively and durably bound 


in green cloth, title lettered in gold, 363 pages, 301 illustrations is proving equally popular. 


In these modern days there is no time for hunting out material from hidden and widely 
scattered sources. ‘Here for the first time the entire field 
is treated coherently, with perceptive sympathy and pains- 
taking care, and without prejudice. Professor Weeks 
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. Recently Dis- 


. Supplementary 


. Elements Known to the Ancient 


World. 


. Elements Known to the AIl- 


chemists. 


. Some 18th-Century Metals. 
. Three Important Gases. 


. Chromium, Molybdenum, Tung- 
sten, and Uranium. 


. Tellurium and Selenium. 
. Columbium, Tantalum, and 


Vanadium. 


. The Platinum Metals. 
. Three Alkali Metals: Potassium, 


Sodium, and Lithium. 


. The Alkaline Earth Metals and 


Magnesium and Cadmium. 


. Some Elements Isolated with the 


Aid of Potassium and Sodium: 
Zirconium, Titanium, Cerium, 
and Thorium. 


. Other Elements Isolated with 


the Aid of Potassium and Sodium: 
Beryllium, Boron, Silicon and 
Aluminum. 


. Some Spectroscopic Discoveries. 


Supplementary Note on the Dis- 
covery of Thallium. 


. The Periodic System of the 


Elements. 


. Some Elements Predicted by 


Mendeleeff. 


. The Rare Earth Elements. 
. The Halogen 


brighten the fame of this or that hero of science and 
darken that of another,” says one prominent reviewer. 


Not only is this authoritative, entertaining and valu- 
able book written in able and graphic style; it is richly 
and appropriately illustrated with an exceedingly rare 
collection of 301 illustrations brought together by F. B. 
Dains, Professor of Chemistry, University of Kansas, who 
assisted Miss Weeks in this part of her noteworthy contri- 
bution to chemical literature. 


THE DISCOVERY OF THE ELEMENTS is pleasing 
to the eye, is easy to hold and holds the attention of the 
reader from the first page through to the end. You'll read 
it as you would a novel. Its moderate price of $3 puts it 
within easy reach of everyone. The book will pay for 
itself many times over as a reference volume. 


Fill in and mail the coupon today and let THE DIS- 
COVERY OF THE ELEMENTS add io your practical 
and cultural knowledge of a fascinating subject that 
touches every phase of human life. 


FREE EXAMINATION COUPON 
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JOURNAL OF CHEMICAL EDUCATION Date 
20th & Northampton Sts., Easton, Pa. 


You may send 
shipping charges prepaid, with invoice to: 





copies of THE DISCOVERY OF THE ELEMENTS at $3 each, 


If 10 days’ examination does not convince me that this book will be a most worth-while addition 
to my library, I will return it to you in first-class condition with the understanding that this will 
automatically cancel your invoice against me. Jy-35 

















SIR CHARLES BLAGDEN, F.R.S. 
(1748-1820) 


Sir Charles Blagden obtained his M.D. at the University of 
Edinburgh in 1768. He entered the army and remained in the 
service as a medical officer until 1814. 

Interested in science, through the influence of Sir Joseph 
Banks, he became Secretary of the Royal Society in 1784. 

Blagden’s most important papers were—“ he Cooling of 
Water below Its Freezing Point’”’ and ‘‘The Effect of Various 
Substances in Lowering the Point of Congelation of Water” (1788). 


Blagden must have been a man of pleasin rsonality, since 
the famous chemist Cavendish bequeathed him a legacy of 
£15,000 and Hannah More describes him as so modest, so sen- 
sible, and so knowing that he exemplifies Pope’s line—‘‘Willing 
to teach and yet not proud to know.” 

He died cakiane at the house of his friend Berthollet, the re- 
nowned chemist, at Arcueil, near Paris. (Contributed by F. B. 
Dains.) 














EDITOR’S OUTLOOK 








he OTE ON ACADEMIC EUGENICS. Many 

years ago the late President Eliot of Harvard, 

in his ‘University Administration,’ discussed 
faculty inbreeding and pointed out its dangers. From 
that time until recently the problem has been more or 
less generally accepted as such, but, apparently has 
been the object of little detailed factual study. In 
two interesting articles in the May and June numbers of 
the Journal of Higher Education, Eells and Cleveland 
report the results of a study of the extent and present 
trend of faculty inbreeding, and offer some objective 
data shedding light upon its effects. 

It is not our primary intention to summarize that 
study here. Suffice it to say that of some seventeen 
thousand faculty members in two hundred nineteen 
institutions studied, thirty-four per cent. were classi- 
fied as “‘inbred’’ and that the trend of inbreeding during 
the past decade has apparently been slightly upward. 
In rate of advancement from one professorial rank to 
the next, in scholarly production as indicated by both 
book and periodical publications, and in professional 
esteem as indicated by entries in Who’s Who, American 
Men of Science, and Leaders in Education, the non- 
inbred group ranks definitely above the inbred group. 
None of these items is in itself strikingly impressive; 
but the cumulative effect of the whole is convincing. 
Apparently there is objective basis for the commonly 
accepted belief that faculty inbreeding may be carried 
to excess. 

This does not necessarily mean that university and 
college administrators should immediately place a ban 
upon the employment of their own alumni, or should 
set up a definite percentage of inbreeding which must 
be regarded as the danger line and respected at all costs. 
It is inherent in the nature of statistical studies that 
their results can be satisfactorily applied to individual 
cases only in admixture with considerable quantities 
of common sense. The intellectual crimes committed 
by statisticians (which have been the objects of so 
much good- and ill-natured waggery) are as nothing 
compared to the outrages perpetrated by others after 
the statisticians have left the scene. 

This, however, is by the way. It occurs to us that 
a similar attempt might be made to discover objective 
indications of the effects of inbreeding among graduate 
students. Is there any factual basis for the belief that 





graduate work should preferably be done at an institu- 
tion other than that granting the baccalaureate degree? 

It is easy to think of reasons why such a course might 
be advantageous. It is, for instance, a truism among 
candidates for advanced degrees that a fair knowledge 
of the examining committee will compensate for con- 
siderable gaps in subject-matter knowledge. It is also 
common gossip in academic circles that views regarded 
as orthodox in some laboratories are rank heresies in 
others. Mechanically inclined students with a facility 
for conceiving and constructing ‘‘Rube Goldbergs’’ 
will find their talents much more highly appreciated 
in some schools than in others. These and numerous 
other straws in the wind suggest that a variety of aca- 
demic experience might be salutary for the student as 
well as for his teachers. But what do we actually 
know of the results? 

The problem cannot be completely solved by selecting 
objective standards of comparison between the mi- 
gratory student and his more sedentary brother and 
applying them to a statistically significant number of 
cases. The migratory student may represent a self- 
selected class which differs significantly from the norm. 
There is no good reason to believe that one can make 
migratory fowls out of Plymouth Rocks by packing 
them in crates and shipping them about the country. 
One must distinguish, if possible, between those char- 
acteristics associated with the migratory urge and the 
broadening effects of travel. 

Anyway, it makes a nice puzzle and we invite anyone 
who likes it to adopt it without royalty or acknowledg- 
ment to us. 





Reproduction of a portion of 
another of the numerous repre- 
sentations of alchemists in their 
laboratories by David Tenters, the 


younger. 
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DEMONSTRATION of ROTATING- 
VIBRATING DIATOMIC MOLECULES’ 


T. H. HAZLEHURST, JR. 


Lehigh University, Bethlehem, Pennsylvania 


A device for illustrating the motion of the atoms in a 
rotating-vibrating diatomic molecule is described. The 
“atoms” appear as moving bright spots on a black back- 
ground. The utility and limitations of the device are in- 
dicated. 


++ + + + + 


N THEIR simplest form the equations of the ki- 

netic theory constitute a typical example of elegant 

mathematical expression of physical law. But 
the very elegance of the equations tempts a teacher to 
make use of a more highly theoretical treatment of 
the subject than is advisable for most classes of stu- 
dents majoring in chemistry. Students of modern 
physics are less likely than are chemists to be appalled 
by a total lack of an appearance—even if specious—of 
physical reality in the cruder sense. For good or ill 
the chemist, dealing as he does with substances which 
can be seen or handled, prepared or analyzed in the 
laboratory, or kept in stoppered bottles on a shelf—the 
chemist acts as a check or brake upon the modern ten- 
dency of physical science to become a thing of abstrac- 
tions, wisps of mist idly floating or violently swirling 
in otherwise empty space. 

It is true that the chemist has not refused to make 
his own the masterpieces of physical chemistry: the 
kinetic theory of gases, the theory of ionization, and 
thermodynamics, but he has done so with great caution, 
and even now it is no gross insult to say that the pre- 
dictions of pure theory are less likely to be believed by 
chemists than by physicists until the test of experi- 
ment has been applied. In this attitude of skepticism 
toward pure theory (whatever that may mean) the 
chemist finds support in the fact that the physical or 
physical-chemical theorist is nearly always forced to 
admit the inadequacy of his brain child when it tries to 
cope with the highly complicated systems presented by 
the practical chemist. Usually his theories turn out 
to be, not wrong to be sure, but only first approxima- 
tions to a truly adequate picture of Nature, or are ex- 
pressed in terms of equations some of the factors of 
which can only be roughly guessed at. 

It is therefore desirable in teaching a theoretical sub- 
ject to a class in chemistry to make each theoretical 
notion as concrete as possible, even to the extent of 
sacrificing some of the generality and elegance of the 

* Presented before the Division of Chemical Education at the 


88th meeting of the American Chemical Society, Cleveland, 
Ohio, September 11, 1934. 
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FIGURE 1.—SLOTTED FRONT FIGURE 2.—BANDED REAR 
Disc Disc 


purely theoretical treatment, and to point out the in- 
adequacies of the theory as strongly as the successes. 

The particular problem treated here is that of dem- 
onstrating the rotating-vibrating diatomic molecule, 
a knowledge of the properties of which is fundamental 
in discussing the specific heats of gases. The specific 
heats of gases depend, of course, upon the number and 
kind of degrees of freedom excited in the molecule. 
When only translational energy is present the heat ca- 
pacity at constant volume is 3R/2, where R is the gas 
constant; when in addition to this two rotational de- 
grees are excited the value rises to 5R/2; and finally 
when a degree of vibratory energy is also excited it be- 
comes 7R/2, the peak value for a diatomic molecule. 

A group of steel balls rolling about on a glass plate is 
a very efficient model to demonstrate the vagaries of 
translational molecular energy. The model here de- 
scribed is used to demonstrate the other two kinds of 
degrees of freedom. It consists in essence of two discs 
mounted coaxially and so arranged that they may be 
caused to rotate simultaneously at the same or at differ- 
ent speeds. The front disc is slotted and blackened 
(Figure 1); the rear one is also blackened except where 
it bears two bright bands (aluminum paint) in the form 
of epicycloidst (Figure 2). 

Viewed from the front the model permits us to see only 
those portions of the colored strips which are directly 
behind the slots of the front disc. We thus see two 
bright spots upon a black background. These repre- 
sent the constituent atoms of the diatomic molecule 

+ The situation is actually more complicated since the degrees 
of freedom are not excited all at once when a given temperature 
is attained but are acquired gradually throughout a quite con- 
siderable range of temperature. 

t Plotted according to the equation r = a + 3b sin a, where r 
and @are the usual plane polar coérdinates and a and b constants; 


a is the ‘“‘equilibrium”’ distance of the ‘‘atom’’ from the center; 
b is the amplitude of vibration of the ‘‘atom.” 
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and their respective distances from the center of the 
disc are in the inverse ratio of their atomic weights. 

If the two discs are caused to rotate synchronously, 
the two spots or “‘atoms’’ appear to rotate at the same 
rate preserving unchanged their distances from the 
“center of gravity.’’ In this case we observe a mole- 
cule possessed of rotation but no vibration. If the 
front disc is stationary and the rear one is rotated, 
successive portions of the bright strips come into view 
behind the slots and, because of the way in which they 
are drawn, the ‘atoms’? move back and forth about 
a “position of equilibrium’ with simple harmonic 
motion. In other words, the ‘‘molecule’’ is vibrating, 
of course maintaining its center of gravity unchanged. 
If now the front disc is set in motion at a rate different 
from that of the rear disc we see simultaneous rotation 
and vibration, the rate of rotation being identical with 
that of the front disc and the rate of vibration being 
governed by the relative rates of the two discs. 

The relative rate of rotation of the two discs may be 
varied over wide limits by means of step pulleys. By 
varying the speed of the motor or hand crank used as a 
source of power it is possible to obtain various absolute 
rates of rotation. The actual dimensions of the model 
are of course arbitrary. The one here described bears 
7” copper discs mounted on brass bushings turning on a 
1/," steel drill rod. The device is driven by a small 
stirring motor with a rheostat. The dimensions of the 
slots and bright bands are evident from the illustra- 
tions. Figures 3 and 4 show a photograph of the 
whole device and a diagrammatic sketch of the set-up. 
Illumination for the rear disc is supplied by two small 
Mazda lamps connected to flashlight cells. 





—_— —— 








FIGURE 3.—THE DEMONSTRATION APPARATUS 


Some limitations are imposed by the mechanical set- 
up of the model. A moment’s consideration will show 
that the bright bands on the rear disc must not inter- 
sect, for otherwise both ‘‘atoms” would appear simul- 
taneously on the same side of the ‘center of gravity.” 
This means that the ‘‘amplitude of vibration’’ and the 
relative “‘atomic masses’’ must be so chosen that the 
heavy atom at the apogee of its vibration is nearer the 
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FIGURE 4.—SCHEMATIC DIAGRAM OF MopEL MECHANISM 


The pulley A is driven by motor and causes the wooden 
cylinder Z, the pulley B, and the front disc F to turn 
with the shaft. The rear disc R is fastened to the pulley 
E which is driven by B via C and D. The numerous 
step pulleys allow of many speed ratios. The pulley £, 
of course, is not fastened to the shaft but turns freely 
upon it. 














center of gravity than the lighter atom at its perigee. 
It is thus impracticable to portray the rotatory-vibra- 
tory motion of, say, Ne, Os, He, because the atoms, 
having equal masses, are necessarily always at equal 
distances from the center of gravity. The rotation of 
such molecules, however, is readily demonstrated, al- 
though no such complication of apparatus is required. 
The vibration of such molecules may also be demon- 
strated in a similar manner hereafter described. 

A further limitation is that the speed of vibration 
must be low enough so that the eye may follow the 
motion of the ‘‘atom.”’ If this limit is considerably ex- 
ceeded a blur replaces the vibrating spot. This phe- 
nomenon has its interesting possibilities for demonstra- 
tion also.* 

The slot in the front disc is screened off at the re- 
quired spots (as shown in the picture) to avoid seeing 
both atoms simultaneously on both sides of the center 
of gravity. 

The actual curves drawn on the rear disc here pic- 
tured are meant to represent the molecule KBr. The 
masses here are roughly as 1:2. The distances from 
the center and the amplitudes will be in the inverse 
ratio, say 2” amplitude for K and 1” for Br. These 
amplitudes use up almost all the available distance in 


* HAZLEHURST AND KELLEY, “Representation of statistical dis- 
tributions by continuous spectra,” J. Caem. Epuc., 12, 309-13 
(July, 1935). 
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the 3.5” radius of the disc. Comparing the model with 
the actual molecule and using plausible values for the 
diameter and frequency of vibration of the molecule, we 
note that the diameter has been magnified over 10° 
times and the amplitude (which is actually about 1% 
of the diameter) nearly 10! times. Per contra, the 
rate of rotation has been reduced in the ratio of about 
1 to 10" and the frequency of vibration in the ratio of 
1 to 10". 

With the model in view it really means something to 
the student when he hears about a rotating-vibrating 
molecule. A class discussion of the points in which the 
model differs from a mere magnified molecule is most 
illuminating. For example, it comes somewhat as a 
surprise to learn that, if the amplitude of vibration were 
magnified only' to the same extent as the diameter has 
been, it would require close attention to detect any vi- 
bration at all; and further that, if the frequency of 
vibration is reduced to such an extent that the eye 
can follow the motion of the atoms, the rotation, if 
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reduced to the same degree, is insufferably slow. 

With all its limitations the device has a certain 
flexibility as noted above, both in varying the absolute 
and relative speeds of the two discs and in using differ- 
ent epicycloid figures. If vibration alone is to be ex- 
hibited any diatomic molecule may be portrayed by 
observing through a slot a rotating cylinder bearing on 
its surface sine curves of the required amplitude in a 
manner which will be quite clear upon reference to the 
paper previously cited. There is no difficulty here 
about overlapping curves, and the molecules Ng, etc., 
are readily represented. It is also unnecessary to re- 
strict the vibration to harmonic motion. Amy periodic 
motion may be so represented by using the proper 
curve behind the slot. The shape of the curve is 
naturally determined by the actual equations of mo- 
tion. 

My thanks are due to Mr. E. M. Musselman of 
Lehigh University for assistance in constructing the 
model. 





LECTURE EXPERIMENTS 
in GENERAL CHEMISTRY" 


IV. The Law of Partial Pressures. 


V. The Law of Diffusion of Gases 


SAMUEL MORRIS ann ALVAH JOHN WASHINGTON HEADLEE 


West Virginia University, Morgantown, West Virginia 


HE GAS laws offer considerable difficulty to 
Gb: chemistry students unless well illustrated 
The conventional form of 
Boyle’s law apparatus lends itself readily to lecture 


by experiments. 


demonstration. The Hempel gas buret has been found 
by the authors to be an excellent apparatus for demon- 
strating Charles’ law. Apparatus for satisfactorily 
demonstrating the laws of partial pressures and diffusion 
of gases are not available. The two experiments pre- 
sented in this paper have been developed to provide 
for the demonstration of these laws. 


IV. THE LAW OF PARTIAL PRESSURES 


This law is demonstrated by pumping a gas from one 
vessel into another vessel of equal volume and deter- 
mining the pressure changes by means of mercury ba- 
rometers. (See Figure 1.) Mercury to the depth of 
about 3 cm. is placed in each of the two 5-liter round- 
bottomed flasks, the amount in each being so adjusted 
that the remaining volumes of the flasks are equal. A 


* Contribution from the Department of Chemistry, Division 
of Industrial Sciences, No. 102, West Virginia University. 

+ A continuation of a previous paper by the same authors in 
J. Cue. Epuc., 10, 637 (1933). 

















FIGURE 1.—THE LAW OF PARTIAL PRESSURE APPARATUS 


' 


barometer tube 160 cm. in length is inserted in a 3-hole 
rubber stopper; the barometer is filled with mercury, 
inverted, and placed in one flask. 

The meter scale may be fastened to the barometer 
tube before inverting, thus making the tube more rigid. 
The air thermometer shawn in Figure 1 and a right- 
angle bend are also inserted in the stopper. The other 
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flask is equipped in a similar manner. One flask is 
connected by pressure tubing, stopcock, and T-tube to 
the intake, and the other flask to the exhaust of an air 
pump. The free ends of the T-tubes are connected by 
a stopcock to serve as a by-pass. The stoppers must be 
wired to the necks of the flasks to hold them securely in 
place. 

To pump the air from A (Figure 1) into B, stopcocks S, 
and S, are opened and 5S; is closed. When the desired 
quantity of air has been transferred, S, and S; are closed 
at the same instant. The pump is stopped and 5; is 
opened. The fall in pressure in A should be equal to 
the rise in B. The error in this experiment is seldom 
more than one or two per cent. 

It will be noticed in performing this experiment that 
the mercury columns do not become constant immedi- 
ately after the pump is stopped but that the one into 
which the gas is pumped falls and the other one rises. 
This is due to the heating effect of compression and the 
cooling effect of expansion of the gas. Usually about 
one-half degree change in temperature is produced and 
is easily made visible to the class by the air thermom- 
eters. The pressure readings should not be taken 
until the columns are practically constant. If the 
columns continue to change, there are leaks in the 
apparatus which must be stopped for accurate results. 
The chambers on each side of the pump should be of 
equal size. A vacuum-blast pump without an oil 
chamber is best for this experiment. 


Vv. THE LAW OF DIFFUSION OF GASES 


A quantitative determination of the law of diffusion 
may be made by observing the time required for gases, 
at constant temperature, flowing through a small 
orifice, to produce a definite pressure change in a closed 
vessel. Since time of flow is inversely proportional to 
rate, the times will be directly proportional to the 
square roots of the densities of the gases. 

A 3-liter round-bottomed flask (B, Figure 2) is fitted 
with a 2-hole rubber stopper carrying a three-way stop- 
cock, and a barometer tube. Another 3-liter round- 
bottomed flask (A, Figure 2) is fitted with a rubber 
stopper carrying two right-angle tubes with stopcocks. 
One of these tubes extends to the bottom of the flask to 
act as an outlet, in case the entering gas has lower 
density, and as inlet, in case it has greater density than 
the gas already in the flask. To fill this flask, the gas 
to be tested is allowed to flow through until pure gas 
fills the flask. By the closing of the inlet stopcock first 
and then the outlet stopcock, the enclosed gas is main- 
tained at atmospheric pressure. This flask is then 
connected to the flask containing the barometer by 
rubber tubing and a glass tube having a small orifice at 
one end. The flask containing the barometer is 
evacuated until the mercury in the barometer is about 
on a level with the top of the stopper. A rubber band 
is placed around the barometer tube about four cm. 
above the stopper and another ten cm. above the first. 
The stopcock between the two flasks is opened and the 
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time required for the top of the mercury in the barome- 
ter to travel the distance between the rubber bands is 
noted. The time of flow is obtained for a gas of known 
molecular weight and then for a gas of unknown molecu- 
lar weight. Successive determinations are made for 
each gas until checks are obtained. The following 
data are typical of those obtained with this apparatus: 


Gas Time in seconds Molecular weight 


28.9 (calc.) 
43.5 (found) 


21.6 
26.5 


Since time of flow is inversely proportional to rate, 
where ¢; is the time required for the diffusion of the gas 








Ficure 2.—TuHE LAw oF DIFFUSION APPARATUS 
O—Orifice 





M—Reference marks 


whose molecular weight is Mj, and /, the time for the 
gas whose molecular weight is M., the following relation- 
ship holds: 


4 _ VM 
tb ~~SWM, 


Substituting in this equation the values obtained in the 
above experiment and solving for M, gives the molecu- 
lar weight of carbon dioxide. The experiment, as 
outlined above, has been adopted by the physical 
chemistry laboratories of West Virginia University as 
one of their regular experiments for student assignment. 

In addition to determining the molecular weight of 
an unknown gas, the molecular diameter may be de- 
termined by replacing the orifice with a long capillary 
tube and substituting in the formula below: 


Or _ ae 
2 VAM 


where 0; is the molecular diameter of the gas whose 
molecular weight is M, and time of diffusion 4, and 02 
the molecular diameter of the gas whose molecular 
weight is M2 and time of diffusion ¢.. 





The VITAMINS 


I. THE FAT-SOLUBLE VITAMINS 
VICTOR E. LEVINE 


Creighton University School of Medicine, Omaha, Nebraska 


Editor's note-—Recently Dr. Nicholas Dietz, Jr., kindly 
brought to our attention a vitamin chart compiled by Dr. 
Victor E. Levine and copyrighted in 1934. The chart 1s, 
we believe, unique in that it 1s at the same time so compre- 
hensive and so concentrated, and, further, in that tt is as far 
as possible quantitative. In the belief that the data so sum- 
marized would be welcomed by teachers of premedical and 
home economics students and by others who like to make 
use of available scientific knowledge in everyday life, we 
have secured the permission of the author to present the 
following outline. Dr. Levine has kindly brought the ma- 
terial up to date. The second and concluding instalment 
will appear in our next issue. 
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VITAMIN A 


SYNONYMS:  Fat-Soluble A; Anti-ophthalmia 
Vitamin; Anti-xerophthalmia Vitamin; Anti-infective 
Vitamin; Anti-keratinizing Vitamin. 

Formula for Vitamin A (Karrer, 1933) 
H;C CH; 
CH; . 


| 
C—CH=CH—C=CH—CH=CH—C=CH—CH;0H 


CaH290H 


The above formula suggests the fact that vitamin A 
represents half a molecule of carotene. The formula for 
8-carotene is as follows: 


H;C CH; 


CH; CH; 


| | 
—CH=CH—C=CH—CH=CH—C—CH—CH 


i 
| 
! 


—CH; 


ae ce eee 
—CH=CH—C—CH—CH=CH—C—CH—CH 





8-Carotene 


Carotene (CioHss) may be regarded as provitamin A, 


since it is converted in the animal organism to vitamin 
A. There are at least five isomers of carotene, the bet- 
ter known being a-carotene, 6-carotene, and 7-carotene. 
The largest quantity in plants is represented by £- 
carotene. The amount of a-carotene varies greatly 
from traces to 20 or more per cent. of the total carotene 
present, while y-carotene occurs only in traces. 

The carotenes differ from one another in physical 
properties. a-Carotene melts at 183°C. On spectro- 
scopic examination, the maxima of absorption are 509 
my, 477 mu, and 448 my. It is optically active, being 
dextro-rotatory. @-Carotene melts at 183°C. Its 
maxima of absorption (CS,) are 520 my, 485 mu, and 
450 my. It is optically inactive. y-Carotene melts at 
174°C. Its maxima of absorption are 533 my, 496 muy, 
and 463 my. It is optically inactive. 


BIOLOGIC FUNCTIONS 


Essential for the maintenance of epithelial tissue. 

Increases the resistance to infection, particularly of 
the upper and lower respiratory tract and of the renal 
tract. 

Maintains appetite and normalizes the process of 
digestion. 

Essential to the maintenance of the cutaneous sys- 
tem by keeping the skin moist and free from dermatosis. 

Essential for normal reproduction, lactation, and 
rearing of the young. 


PATHOLOGICAL FINDINGS AS A RESULT OF DEFICIENCY 


Cessation of growth and development, and physical 
weakness. 

Considerable degree of atrophy of secreting epi- 
thelium followed by cornification or keratinization, 
the epithelial metaplasia manifesting itself in the 
transformation of cuboidal into squamous cells. Kera- 
tinized cells fail to secrete and to protect from bacteriali- 
zation. 

The abscess-like cavities with yellow cheese-like 
material, found at the base of the tongue, in the sub- 
maxillary gland, ‘salivary glands, nasal passages, 
pharynx, and trachea, are cysts lined with stratified 
keratinized cells and containing epithelial cells and 
leukocytes. : 

Keratinized epithelium formed in the renal tubules 
and the renal pelvis, interfering with the formation 
and elimination of urine. As a result of disturbances 
in the mechanism of concentration and elimination, 
calculi (stones) are formed in the kidney, ureter, or 
urinary bladder. 

Failure of appetite and disturbances in the process of 
digestion due to derangement in the secretihg epi- 
thelium. 

Weakening of local defenses because of keratinization 
of epithelium followed by bacterial invasion. 

Infection revealing itself through the presence of 
abscesses near the base of the tongue, pus in the middle 
ear, sinusitis, nasal catarrh, bronchitis and pulmonary 
infection, and the characteristic xerophthalmia, which 
begins with a purulent conjunctivitis. The lymph 
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glands and the alimentary canal also become infected. 

Symptoms referable to the visual apparatus besides 
xerophthalmia, such as absence of lachrymal secretion, 
nyctalopia (night blindness), and delayed regeneration 
of the visual purple of the retina after having been 
bleached by exposure to light. 

Sterility, according to Korenchevsky (1933), char- 
acterized in the male by atrophy of the testes with 
degenerative changes in the spermatozoa, in the 
seminiferous tubules, and in the seminiferous epi- 
thelium. 

Sterility, according to Evans (1928), characterized 
in the female by the constant appearance of cornified 
cells either predominantly or exclusively in the vaginal 
smear and injury to the reproductive system so that 
fertilization and implantation usually fail, even though 
cestrus and ovulation occur fairly frequently. 

Marked dental changes (Wolbach and Howe, 1933). 
In the enamel organ the ameloblasts respond earliest 
by atrophy, followed by atrophy in the remainder of 
the organ and final metaplasia, calcification, or ossifica- 
tion. Defective enamel formation and other poor 
conditions in teeth, such as denticles, pulp bone, and 
cementicles, are also observed. Atrophy and de- 
polarization of odontoblasts follow changes in the 
enamel organ. 

Specific disease produced as a result of deficiency: 
Xerophthalmia. 3 


HYPERVITAMINOSIS A 


The fat-soluble vitamins, A and D, when given in 
large excess give rise to symptoms of hypervitaminosis. 
Hypervitaminosis A has been described by Lewis and 
Reti (1935) and by other investigators. Young rats 
weighing 49-59 grams given daily by mouth 40,000 units 
of vitamin A fail to grow, and die within 10 to 14 days in 
pronounced cachexia. The following symptoms are 
noted: paresis of the anterior limbs, inflammation of 
the conjunctive and of the eyelids, and involvement of 
the cutaneous system, especially about the head, result- 
ing in thickened skin followed sometimes by marked 
desquammation, bloody ulceration, and loss of fur. The 
cutaneous symptoms could be provoked by placing on 
the head a drop of vitamin A preparation. 

Carotene in extreme doses administered orally, intra- 
peritoneally, or intravenously did not induce symptoms 
of hypervitaminosis A. Similar results have been ob- 
tained by Davies and Moore (1934) with reference to 
the symptoms of hypervitaminosis A and the inability 
of carotene to induce the syndrome. 


CHEMICAL STABILITY 


In foods, usually stable to heat under ordinary con- 
ditions due to the presence of anti-oxidants. Butter fat 
treated with steam and also treated at 96°C. for 15 
hours retains its activity. 

In purer form, as in concentrates, and in the form of 
provitamin A (carotene) remarkably unstable to oxi- 
dation. 

More stable in plant than in animal foods. 


JouRNAL OF CHEMICAL EDUCATION 


Destroyed in cod liver oil by phosphorus penta- 
chloride, nitrous acid fumes, hydrogen sulfide, am- 
monia, ethylene, and partially by hydrogen peroxide. 

It is not generally recognized that vitamin A on stor- 
age is apt to lose its biologic potency almost as readily 
as vitamin C. Von Wendt (1925) maintains that the 
vitamin A content of food diminishes during the winter 
months as a result of the oxidation of vitamin A on 
storage. Milk and dairy products and cattle fodder, 
such as hay and carrots, become markedly deficient as a 
source of vitamin A as the months progress. Manville 
(1926) observed that eggs held in cold storage for a year 
lost 75 per cent. of their vitamin A content and that 
those kept in water-glass lost 50 per cent. of their vita- 
min A content in 18 months. Quinn, Hartley, and 
Derow (1930) reported that dried spinach lost approxi- 
mately 70 per cent. of its vitamin A content upon stor- 
age for a period of 12 to 15 months. 

Fraps and Treichler (1933) in restudying the ques- 
tion found a gradual loss during the winter in vitamin A 
content of alfalfa-leaf meal, dried black-eyed peas, dried 
green sweet peppers, yellow corn, and powdered whole 
milk. Alfalfa lost 50 per cent. of its vitamin potency 
in 11 months; dried black-eyed peas, 50 per cent. in 9 
months; dried green sweet peppers, 80 per cent. in 9 
months; yellow corn, 30 to 50 per cent. in 6 months; 
powdered whole milk, 60 per cent. in 9 months. Ac- 
cording to Lundborg (1933), the vitamin A content of 
fresh whole milk is reduced to less than half on heating 
for 30 minutes with vigorous stirring. If the heating is 
continued for 2 minutes, the decrease in vitamin con- 
tent is only 10 per cent. Morgan and associates (1930, 
1935) have shown that drying of fruits may cause some 
loss in vitamin A potency. 


ARTIFICIAL SOURCES AND CONCENTRATES 


Non-saponifiable fraction of cod liver oil or halibut 
liver oil. 

Carotene (provitamin A) isolated from carrots and 
other yellow or green vegetables. 

Chemically pure vitamin A isolated by Karrer and his 
associates from halibut liver oil and also synthesized 
by them, taking beta-ionone as the starting point. 


NATURAL SOURCES*’t 


bread (3), if made with milk; corn, 


Cereals: 
yellow. 

Vegetables: escarole (6000); spinach, raw and 
canned (1400); carrots (940); peas, raw and canned 
(175); peppers (175); tomatoes, raw and canned (170); 
tomato soup (170); beans, string (150); lettuce, ro- 
maine (150); broccoli (95); Brussels sprouts (95); 
artichokes (85); peas, dried, green (85); potatoes, 
sweet (85); lettuce, head (50); asparagus (35); 

* The figures in parentheses indicate the units of vitamin A 
per ounce, following the system adopted by H. C. Sherman. 

+ The International Conference (League of Nations Health 


Organization) has adopted standards for the two fat-soluble 
vitamins, A and D. The unit of vitamin A is the biological 


activity of 0.6y §-carotene. 
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squash; eggplant (20); beans, navy, canned (15); 
cauliflower (15); celery, bleached (11); cabbage, new, 
green, or white (10); cucumbers (10); potatoes, white 
(10); beets (5); turnips (5); cabbage, sauerkraut (5). 
Axtmayer and Cook (1933) in their study of the foods 
of Puerto Rico have determined the vitamin A content 
of various foods in terms of units per gram. The figures 
given for the foods following have been converted to 
units per ounce (28.3 grams): mamey (1134), red pepper 
(935.5), string beans (283.5), okra (170), arracacha 
(113), pigeon pea (85), squash (56.7), cassava (14.2), 
egg plant (9.4). 

Fruits: mango (840); boiled green plantain (567); 
prunes (300); bananas (100); dates (85); grapes (20); 
oranges (20);. apples (15); figs, cooking (10); canta- 
loupes (5). 

Manville, McMinis, and Chuinard (1934) have de- 
termined the vitamin A content per ounce in terms of 
Sherman units of the following varieties of apples: Yel- 
low Newton (36), Delicious (24), Winesap (24), Stay- 
man (18), and Rome Beauty (12). Manville and 
Chuinard (1934) have determined the vitamin A con- 
tent per ounce (Sherman units) of several varieties of 
pears after a short storage period: D’Anjou (4), Winter 
Nelis (4), and Bosc (8). 

Dehydrated Thompson seedless raisins, both sulfured 
and unsulfured, according to Morgan, Kimmel, Field, 
and Nichols (1935), contain about 57 Sherman units of 
vitamin A per ounce. Fresh black Missouri figs contain 
28.4 International Units of vitamin A per ounce and 
fresh Kadotas 14.2 International Units per ounce. 
Dried figs contain 14.2 to 40.5 International Units per 
ounce (Morgan, Field, Kimmel, and Nichols, 1935). 

Morgan and Madsen (1933) have studied the vitamin 
A content of apricots. They observed that a 15 milli- 
gram daily dose of fresh fruit supported an increase of 3 
grams of body weight per week, an amount equivalent 
to the Sherman standard for 1 unit of vitamin A. On 
the basis of their findings, 1 gram contains 66.6 units of 
vitamin A and 1 ounce (28.35 g.), 1890 units. Apri- 
cots therefore seem to be the richest source of vitamin A 
among the fruits, comparing favorably in vitamin A 
content with butter and with spinach. 

Dairy products: butter (1400); cheese, cream 
(1400); cheese, Parmesan (700); eggs (550); milk, 
dried, whole (500); milk, condensed (140); milk, 
evaporated (140); milk, whole (65); cheese, cottage 
(30). 

Meats and fish: liver (2800); kidney (230); fish, 
fat (10); bacon (5); meat, average muscle (5). 

The vitamin A content of oysters taken from the beds 
in October is approximately 3 units per gram or 85 Sher- 
man units per ounce on the basis of 28.35 grams per 
ounce (Whipple, 1935). Assuming that all the vitamin 
A is in the fat of the oyster, oyster oil contains 208 
Sherman units per gram or 5896 units per ounce. 

Miscellaneous: cod liver oil; halibut liver oil; 
salmon liver oil; sardine liver oil; tuna fish liver oil. 
The above fish liver oils constitute the richest available 
sources of vitamin A. Halibut liver oil contains 
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35 to 240 times as much vitamin A as does cod liver oil. 
Annato extract is a very valuable source of vitamin 
A. It contains 28,000 units per ounce. 


BIOLOGIC TESTT 


The test consists in the cessation of growth on a 
basal diet free from vitamin A and the resumption of 
growth on the addition of the vitamin to the basal diet. 
More specifically the test may be carried out on the 
basis of the production of xerophthalmia on a vitamin 
A-free diet and the cure of the symptoms referable to 
the eye by the inclusion in the diet of a source of 
vitamin A. 


CLINICAL TEST 


(1) The test consists in the histological examination 
of the epithelial tissue stained with hematoxylin and 
eosin for the purpose of observing evidence of keratini- 
zation of epithelial cells in the absence of vitamin A. 
Differential stains may also be employed. One pro- 
cedure depends upon the use of the Gram method with 
decolorization by acid alcohol. The cornified cells be- 
come blue and all other tissue elements are decolorized 
(Schmor], 1921). Another method consists in the use of 
the Levaditi stain for spirochetes, which stains cornified 
cells dark brown to black, and still a third method in- 
volves the staining of the cornified or keratinized cells 
deep red by Mallory’s aniline blue stain (Farber and 
Sweet, 1931). 


(2) The test consists in measuring the sensitivity of 
scoptic vision to light under standard conditions (Jeans 
and Zentmire, 1934). Subnormal sensitivity to light is 
related to functional night blindness as a result of vita- 
min A deficiency. 


CHEMICAL TESTS 


(1) The Carr-Price reaction (1926) involving the pro- 
duction of a blue color with carotene or with vitamin A 
preparations has been used for the quantitative estima- 
tion of carotene and of vitamin A. 

(2) Antimony trichloride in chloroform solution in- 
teracts with carotene (provitamin A) with the forma- 
tion of a blue color, which persists after heating on the 
water bath at 60°C. Under similar conditions anti- 
mony trichloride and vitamin A-bearing oils develop at 
room temperature a blue color, which on the application 
of heat changes to rose, violet red, or wine red, depending 
upon the concentration of the vitamin (Andersen and 
Levine, 1935). 

(3) Trichloracetic acid and chloral hydrate each yield 
with carotene and with halibut liver oil a characteristic 
blue color. The blue color persists when the reaction 
mixture containing carotene is heated on the water bath. 
Heat, however, transposes the color of the reaction mix- 
ture containing halibut liver oil from blue to purple. 
With cod liver oil and with butter fat the trichloracetic 
acid reagent or the chloral hydrate reagent yields with- 
out the aid of heat an immediate purple (Levine and 
Bien, 1935). 
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SPECTROGRAPHIC TEST 


The characteristic absorption spectrum of vitamin A 
is a broad continuous band with its head at 328 mu 
(Coward, Dyer, and Gaddum, 1931; Coward, Dyer, and 
Morton, 1932; Chevalier and Chabre, 1933; Mac- 
walter, 1934). 

The blue reaction mixture obtained when vitamin A 
preparations are treated with antimony trichloride 
yields two absorption bands, one at 572 my and the 
other at 606 mu. Van Eekelen, Emmerie, Julius, and 
Wolf (1935) separated two chromogens from cod liver 
oil, one yielding with antimony trichloride an absorp- 
tion band at 572 my, and the other with the same 
reagent a band at 606 my. Only the fraction giving rise 
to the band at 606 my was found to be biologically 
active. 


VITAMIN D 


SYNONYMS: Feat-Soluble D; Anti-rickets Vita- 
min; Anti-rachitic Vitamin; Bone-building Vitamin; 
Sunshine Vitamin; Calciferol. 


BIOLOGIC FUNCTIONS 


Regulates the metabolism of calcium and phosphorus. 

Builds and maintains bone and teeth by regulating 
the absorption and assimilation of calcium and phos- 
phorus. 

Essential for muscular action and for neuromuscular 
equilibrium through the control and supply of calcium 
ions to the blood. 


PATHOLOGICAL FINDINGS AS A RESULT OF DEFICIENCY 


Failure of absorption and retention of calcium and 
phosphorus in the body, resulting in low content of 
calcium or phosphorus in the blood. 

Failure of bone formation giving rise to dental defects 
(hypoplasia, poor calcification, caries), to delayed denti- 
tion, to epiphyseal enlargement, to delayed closing of 
the fontanelles, to craniotabes, to deformities in the long 
bones (bow legs, knock knees), to deformities in the 
bones forming the rib basket, involving the ribs, 
sternum, and vertebral column, and in the bones form- 
ing the pelvic girdle. 

Disturbances in neuromuscular equilibrium giving 
rise, as a result of a decrease in calcium ions in the blood, 
to general convulsions or to convulsions in a specific 
group of muscles, examples of which may be found in the 
laryngospasm and in the carpopedal spasms characteris- 
tic of tetany. 

Disturbances in muscle activity giving rise as a result 
of a shortage of calcium ions in the blood to flabby mus- 
culature with diminished contractile power as evidenced 
by abdominal protrusion (pot-belly), and constipation. 

Specific diseases produced as a result of deficiency: 
Rickets, Osteomalacia, Tetany. 


HYPERVITAMINOSIS D 


Vitamin D given in the form of irradiated ergosterol 
proves very toxic when administered in unusually large 
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doses. Bills and Wirick (1930) maintain that an ex- 
ceedingly large overdose is required to produce symp- 
toms of toxicity. According to these investigators, a 
dose 1000 times the normal dosage is perceptibly harm- 
ful, one 4000 times the normal is definitely injurious, 
and one 40,000 times the normal dosage is very strongly 
toxic to rats receiving a normal diet. The limit be- 
tween the physiological and pathological doses is a much 
narrower range for the human being. According to 
Crimm and associates (1932) and to Reed (1934), toxic 
symptoms begin in man when 200 times the ordinary 
dose is administered. 

When ergosterol is irradiated the following products 
are formed: calciferol, lumisterol, tachysterol, toxis- 
terol, suprasterol I and suprasterol II. Tachysterol has 
a slight toxic effect, while toxisterol is very toxic. It 
cannot, however, be said that the toxicity of properly 
irradiated ergosterol is due to tachysterol. Calciferol 
itself in very large doses also has a deleterious effect 
upon the organism. 

The symptoms of hypervitaminosis D relate to ex- 
cessive amounts of calcium in the blood (hypercalcemia) 
and in the tissues, and to deposits of calcium in the 
arteries, in the myocardium, in the lungs, kidneys, 
stomach, and intercostal muscles. The kidneys also 
undergo parenchymatous degeneration, and urinary 
calculi are sometimes formed. The calcium generally 
comes from the diet, but if the dietary calcium is de- 
ficient and the overdose of vitamin D is very large, it 
may be withdrawn from the skeleton. Ham and Lewis 
(1934) report the occurrence of hypervitaminosis 
rickets D. The administration of large amounts of 
vitamin D inhibits the normal calcification process in 
the bone. Hypervitaminosis D may be severe enough 
to be fatal. 


CHEMICAL STABILITY 


Stable to heat, to light, to oxidation, and to hydro- 
genation, and does not lose potency on standing. 

Readily destroyed by nitrous fumes and slowly by 
direct steam in contact with mineral acids. 


ARTIFICIAL SOURCES AND CONCENTRATES 


Non-saponifiable fraction of cod liver oil. 

Ergosterol irradiated with ultra-violet light. 

Foods containing fat irradiated with ultra-violet 
light. 


NATURAL SOURCES} 


Cereals, vegetables, fruits: vitamin D is practically 
absent or found in inappreciable quantities in plant 
foods. 

Dairy products: eggs; egg yolk; butter; milk. 

Branion, Drake, and Tisdall (1935) have determined 
the average number of Steenbock vitamin D units per 
average market egg-yolk to be 8.6. Five of such egg 
yolks furnish the vitamin D equivalent of 1 teaspoonful 
of Steenbock’s standard cod liver oil. 


ft The International Conference unit of vitamin D is rep- 
resented by 0.025y calciferol (crystalline vitamin D). 
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By the addition of cod liver oil to the hen’s diet, 
Branion and associates (1935) succeeded in increasing 
the vitamin content of the egg more than threefold. 

Meats and fish: liver; clams; oysters; salmon; 
sardines; tuna fish; herring. 

Miscellaneous: cod liver oil; halibut liver oil; tuna 
fish liver oil. 

Tuna liver oil contains 100 to 700 times as much 
vitamin D as does cod liver oil. 


BIOLOGIC TEST{ 


(1) The production of rickets on a basal diet devoid 
of vitamin D and subsequent cure of the nutritional dis- 
ease as determined by the X-ray of the bones on the 
addition to the basal diet of a substance possessing anti- 
rachitic poten¢y. 

(2) The “‘line test’’ proposed by McCollum and car- 
ried out in the following way: at the end of the experi- 
mental period the proximal end of the tibia is examined 
for evidence of rickets. The bones are split with a scal- 
pel, immersed in 1 per cent. silver nitrate solution, ex- 
posed to light, washed in distilled water, and then 
studied for signs of deposition of calcium. This treat- 
ment stains the newly deposited calcium black. 

Under the binocular microscope the layer of newly 
deposited calcium appears like a cross-section of black- 
ened honey-comb. The matrix and not the cartilage 
cell is calcified. When the line test is positive, a broad 
linear deposit of calcium salts appears on the meta- 
physeal side of the epiphyseal cartilage. When the line 
test is negative, no calcification of the epiphyseal carti- 
lage appears, and little if any on the metaphysis. 


SPECTROSCOPIC TEST 


Vitamin D (calciferol) exhibits strong ultra-violet ab- 
sorption with a maximum at 265 mu. 


VITAMIN E 


SYNONYMS:  Fat-Soluble E; Fertility Vitamin; 
Anti-sterility Vitamin; Reproductive Vitamin. 


BIOLOGIC FUNCTIONS 


Promotes growth after sexual maturity. 

Essential to the maintenance of the germinal epi- 
thelium of the testes. 

Essential to normal placental function. 

Essential to the maintenance of the voluntary 
muscles of the body. 


PATHOLOGICAL FINDINGS AS A RESULT OF DEFICIENCY 


Male testes, while at first not adversely affected, 
ultimately degenerate rather completely. Male 
sterility as a result of vitamin E deficiency is beyond 
recall. 

Placental function interfered with, giving rise to 
disturbances in gestation (death and resorption of 
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fetus). Female sterility as a result of vitamin E 
deficiency is always curable. 

According to Barnum (1935), vitamin E may be a 
limiting factor in the hatchability of eggs on certain 
types of diets. One manifestation of vitamin E defi- 
ciency in the chick is the first-week embryonic mortality. 

Paresis. Progeny of mother rats fed on a diet very 
poor in vitamin E develop paresis in the hind quarters 
during the latter part of the lactation period (Evans and 
Burr, 1928; Mason, 1933). 

Adult rats with long-standing vitamin E deficiency in 
the diet also develop paresis (Ringsted, 1935). The 
first symptoms observed are the dragging of the hind 
legs and the slight degree of incoérdination in the gait. 
The ataxia finally becomes more pronounced. The hind 
quarters are dragged along the floor and the animal 
really moves forward on its stomach. Anesthesia or 
hypoesthesia of the tail and hind legs is present, as well 
as hypoalgesia of the tail. The fur, especially on the 
legs and nates, is thinned out to a great extent, and to a 
lesser degree on the other parts of the hind quarters. In 
most cases the baldness is diffused symmetrically. The 
animal is less lively, is apt to sit quiet constantly, or to 
go to sleep in a corner of the cage. 

Loss of muscle irritability. Muscles, especially of 
thigh and abdomen, atrophy and assume pale, yellowish 
color, and sometimes seem gritty-looking and streaked 
as though artificially calcified or infiltrated with fat 
(Goetsch, 1930). 

On histological examination, universal dystrophy of 
the voluntary muscles is observed as shown by waxy or 
hyaline necrosis of the fibers followed by great prolifera- 
tion of the muscle cells, accompanied by a variable 
amount of interstitial fibrosis (Pappenheimer, 1930). 

Specific disease produced as a result of deficiency: 
Sterility characterized by death and resorption of fetus. 


CHEMICAL STABILITY 


Remarkably stable to heat, light, acids, alkalies, 
acetylation, benzoylation, hydrogenation, and mild oxi- 


dation, but destroyed by drastic oxidation with potas- 


sium permanganate and by bromination (Olcott and 
Mattill, 1934). 

Potency diminished by excessive amounts of lard, 
hydrogenated cotton-seed oil, or‘oleic acid in the diet, 
probably through failure of absorption. Concentrates 
of vitamin E, however, are stable as long as four weeks 
in a rancid food mixture. 

Wheat germ oil, sealed up in a vacuum in glass, ap- 
pears to keep its vitamin E conteut unimpaired for 
several years at room temperature (Evans, Murphy, 
Archibald, and Cornish, 1935). 


ARTIFICIAL SOURCES AND CONCENTRATES 


Non-saponifiable fraction of wheat germ oil or of let- 
tuce leaves. 


NATURAL SOURCES 


Cereals: whole cereals (wheat, oats, rye, barley, 
corn); cereal germ or embryo (wheat germ); oil 
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expressed from whole cereal or from the embryo. 

Vegetables: lettuce; water cress; alfalfa; spinach; 
beans; peas. 

Fruits: bananas. 

Dairy products: milk; eggs; egg yolk. 

Meats and fish, miscellaneous: Vitamin E is found in 
greater abundance in body musculature and fat than in 
the visceral organs. The other vitamins (Bi, Bs, C, A, 
and D), however, are found in greater abundance in the 
visceral organs than in the muscles. The richest source 
of vitamin E is wheat germ oil. 


BIOLOGIC TEST 


The test is made by determining the fertility of female 
rats after a preliminary period of feeding the basal 
ration followed by a second period of feeding the basal 
ration plus a source of vitamin E. 


SPECTROSCOPIC TEST 
Active concentrates, according to Drummond, Singer, 
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and Macwalter (1935) show a well-marked absorption 
band with a maximum at 294 my and a minimum at 
267 my. The vitamin activity tends to run parallel 
with the intensity of this band and more particularly 
with its persistence. 

The typical ultra-violet absorption band is particu- 
larly related to some well-known properties of vitamin 
E. With ultra-violet irradiation reduction in persistence 
is accompanied by loss of biologic activity. Treatment 
of vitamin E concentrate with hydrogen and palladium 
saturates the vitamin molecule, but does not apparently 
lower the persistence of the absorption band or the 
biologic potency of the vitamin. 


* * * 


Vitamin F has recently been used by Evans, Lep- 
kovsky, and Murphy (1934) as the term to designate the 
nutritionally essential unsaturated fatty acids, linoleic 
and linolenic acids (Burr and Burr, 1929, 1930). 





SIMPLE DEMONSTRATION OF CATALYSIS 


HERMAN KAMMIN 
Grover Cleveland High School, New York City 


NO CHEMISTRY instructor can deny that a study 
of the phenomenon of catalysis is of vital importance in 
chemistry. In fact, catalysis is discussed from the 
start in many introductory high-school courses in con- 
junction with the decomposition of potassium chlorate 
in the preparation of oxygen. It seems that the ten- 
dency, however, is to be dogmatic, and probably unsci- 
entific, in introducing this vital topic. The instructor 
can draw very little from the pupils’ past scientific 
knowledge to which to appeal. In many cases the 
pupils are merely fold that manganese dioxide acts as a 
catalytic agent in the decomposition of potassium 
chlorate. Occasionally, an instructor shows that the 
decomposition proceeds faster with the catalyst but 
rarely does he show that the catalyst undergoes no 
change. Perhaps the difficulty involved, and what may 
seem the waste of valuable time, may deter the average 
instructor from a full presentation of this basically im- 
portant chemical concept. To be more brief, it seems 
that no worthwhile proof accompanies the oxygen ex- 
periment. However, that is not important, as long 
as the phenomenon of catalysis can be demonstrated. 

A simple demonstration on catalysis can be performed 
with a fair degree of success by the use of hydrogen 
peroxide and manganese dioxide. To show that man- 
ganese dioxide causes the hydrogen peroxide to decom- 
pose is simply a matter of mixing the two in a test- 
tube and testing the resulting gas with a glowing splint. 
No heat is required. To show that the manganese 
dioxide does not undergo any change in the reaction, 


it is best to weigh out a small quantity, about five 
grams at least, on a piece of filter paper. A very sensi- 
tive balance is not necessary as no calculations will 
have to be made. It is simply a question as to whether 
the manganese dioxide has lost weight or not. Of 
course, the more manganese dioxide used, the less the 
chance of experimental error. The manganese dioxide 
is then placed in a thoroughly cleansed evaporating dish 
or beaker, but the filter paper, with its last traces of the 
black powder, is saved for future filtration and weigh- 
ing. A small quantity of hydrogen peroxide is then 
added to the manganese dioxide in the dish. If the 
instructor wishes he can again show that the resulting 
bubbling is due to the evolution of oxygen. When the 
effervescence subsides, the resulting mixture of manga- 
nese dioxide and water is passed through the original 
piece of filter paper. Care, of course, must be taken 
not to lose any of the mixture. A wash bottle helps in 
removing the last traces of the mixture from the dish. 
Finally the filter paper and its contents are dried in the 
air or in a desiccator and re-weighed. To show that 
the manganese dioxide has undergone no change it is 
best to save it for future use. 

The advantages claimed for this experiment are as 
follows: 1. Its simplicity. The steps consist merely 
of weighing, filtering, drying, and re-weighing. No 
complicated set-ups or heating are necessary. 2. Its 
proof. A catalyst not only hastens a chemical change, 
but undergoes no change in weight and can be used 
over again. 
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The ORGANIC COMPOUNDS 
of SELENIUM. I 


W. E. BRADT 


The State College of Washington, Pullman, Washington 


. 


SURVEY of the literature pertaining to the or- 

A ganic compounds of selenium presents to the 

reader some rather startling facts. One finds 

many more organic compounds of selenium than the 

ordinary college course in organic chemistry would sug- 

gest. An even more noteworthy fact is the number of 

different types of organic selenium compounds which 
have been prepared. 

Further study in this field brings to light a widely 
scattered but rather voluminous chemistry of these 
compounds. Many classes of compounds may be pre- 
pared by several known and well-established methods. 
In spite of the rather complete state of the available 
information, this series has been little used in the field 
of applied chemistry. This is apparently not due to a 
lack of desirable and potentially useful properties but 
rather to a dearth of interest on the part of investiga- 
tors. Ordinarily, it appears that a seleno-organic com- 
pound has been prepared solely for the sake of its 
preparation or because it results as an unimportant 
phase of another problem. Very few preparations 
have been accompanied by more than the most casual 
description of properties. 

The extensive and highly remunerative research in 
the preparation, chemistry, and uses of organic com- 
pounds of sulfur suggests most urgently that seleno- 
organic compounds be given more attention by future 
workers. 

It is the purpose of this series of articles to present a 
cross-section of the known chemistry of seleno-organic 
compounds in an effort to encourage other workers to 
enter this field. This introductory paper presents only 
a list of the known classes of selenium compounds, 
with the characteristic formulas and names, together 
with a discussion of a few of the simpler types. Later 
articles will discuss the methods of preparation and 
properties of others of the more interesting classes. No 
effort will be made to present a complete chemistry and 
bibliography of selenium organic compounds. 


TYPES OF COMPOUNDS 


An examination of the contents of Table 1 shows the 
existence of selenium compounds analogous to each of 
the common oxygen organic types, e. g., alcohols, alde- 
hydes, ethers, acids, and amides. In addition, various 
types are shown which are not known or are,not com- 
mon in the oxygen analogs, but which are similar to 
prepared sulfur compounds, e. g., sulfonium com- 


TABLE 1 
KNOwN TyPEs OF ORGANIC SELENIUM COMPOUNDS 


Name of Type Name of Oxygen or 
Selenium Compound Formula Sulfur Analog 


Primary selenols RCH:SeH Primary alcohols 
Secondary selenols ReCHSeH Secondary alcohois 
Tertiary selenols R3CSeH Tertiary alcohols 
Seleno-mercaptides RCH2SeM Alcoholates 
Seleno-aldehydes RCHSe Aldehydes 
Seleno-ketones (RCSeR): Ketones 
Seleno-mercaptals RCH(SeR): Mercaptals 
Seleno-mercaptols R2C(SeR)2 Mercaptols 
Seleno acids RCSeOH Thio acids 
Selenol acids RCOSeH Thiol acids 
Seleno-selenol acids RCSeSeH Carboxylic acids 
Seleninic acids RSeOOH Sulfinic acids 
Selenonic acids RSeO:H Sulfonic acids 
Seleno-sulfonic acids RSeSO3H Thio-sulfonic acids 
Seleninic anhydrides (RSeO):0 
Selenol esters RSeCOR 
Seleninic esters RSeOOR 
Seleno amides RCSeNH:2 
Selenides RSeR 
Diselenides RSeSeR 
Selenocyanates RSeCN 
Selenide halides RSeX 
Selenoxides 
Selenones 
Selenonium com- 
pounds 


Type 

Formula 
RCH:OH 
R:CHOH 
R;COH 
RCH:0M 
RCHO 
RCOR 
RCH(SR): 
R:C(SR): 
RCSOH 
RCOSH 
RCOOH 
RSOOH 
RSO:H 
RSSO:H 
Esters ROCOR 
RCONH: 
ROR 
RSSR 
RSCN 


Acid amides 
Ethers 
Disulfides 
Thiocyanates 


R:SO 
R2SO: 


R2SeO 
R2SeOz 


Sulfoxides 
fulfones 


RS Xs 
R2SX2 
R3SX 


RSeXs 
R2SeX2 
R3SeX 
RiSe 
Numerous 
types 
CiHiSe 


Sulfonium com- 
pounds 


Heterocyclic selenium 
compounds 
(Selenophenes) 
(Selen-monazoles) CsHsNSe 

Aromatic selenols RSeH 


pounds, sulfoxides, sulfones, sulfonic and sulfinic acids. 


CsHiS 
C:H3sNS 
RSH 


Thiophenes 
Thiazoles 
Aromatic thiols 


NOMENCLATURE 


It is somewhat regrettable that the nomenclature of 
selenium organic compounds cannot always parallel 
that of the corresponding sulfur compounds. The 
alcohol types can well be named gelenol to correspond 
to methanol, ethanol, and the methyl and ethyl thiols. 
The selenides can be considered as properly named be- 
cause of the organic sulfides and the fact that in a sense 
an oxygen ether is an organic oxide. Likewise, a sele- 
nonic acid is a justifiable name because of the prece- 
dent established by the sulfonic acids. 

On the other hand, there has been suggested nothing 
better than seleno-mercaptide for the analog of the mer- 
captide (RSM) and the alcoholate (ROM). Similar 
double names are the seleno-mercaptals [RCH(SeR)2] 
and seleno-mercaptols [ReC(SeR)e], corresponding to 
the mercaptals and mercaptols of the sulfur series. 
Likewise, the name selenocyanate (RSeCN) suggests 
the presence of selenium and of the oxygen of the cya- 
nate group (—N==C=O) in the molecule. It is, how- 
ever, an analog of the known thiocyanates (R—S—C= 
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N) which corresponds to the unknown esters of normal 
cyanic acid (R—O—C=N). 

In spite of these difficulties, a fairly reliable nomen- 
clature has been developed. The term seleno normally 
refers to a divalent selenium atom (R2z==C=Se) analo- 
gous to a carbonyl oxygen. Selenol (R—SeH) refers 
to a divalent organic selenium atom coupled to one 
organic and one hydrogen radical. A selenide (Re=Se) 
contains a divalent selenium atom attached to two 
organic carbon atoms, while a diselenide (R—Se—Se— 
R) contains two divalent selenium atoms coupled to 
each other by one bond and each holding an organic 
carbon atom by the second bond. 


O 

The seleninic acid (R—SeZOH) is structurally analo- 
gous to sulfinic acid, and consists of a tetravalent 
selenium atom having one bond to a carbon atom, two 
to an oxygen atom, and one to a hydroxyl group. 
Other tetravalent selenium types are the selenoxides 
(Re=Se=O) and selenonium compounds (RSeX3, Re- 
SeX2, R;SeX, and R,Se). Their structure is apparent 
from the cited illustrations. 

Among the hexavalent selenium compounds are the 


O 
selenonic acids (R—SeCOH), which are structurally 
O 


analogous to the common sulfonic acid, and the sele- 


nones (RiSeC) in which the selenium holds two 


organic radicals by single valences and each of two 
oxygen atoms by double bonds. 

Other nomenclature is, wherever possible, based upon 
the above types. 


PROPERTIES 


The properties of the seleno-organic compounds are 
quite closely related in many cases to those of the 
analogous sulfur series and less closely to those of the 
oxygen types. The differences in both structure and 
properties are probably due to the fact that the sele- 
nium atom possesses more pronounced metallic proper- 
ties than the sulfur atom. 


SELENOLS 


There are listed in the literature approximately 
thirty selenols. Of these selenols, approximately 
one-third are aliphatic and two-thirds are cyclic 
compounds. The simple selenols, ethyl-, -propyl-, 
n-butyl, phenyl-, and a-naphthyl-selenol are heavy, 
colorless liquids possessing an odor even more disgusting 
than that of the analogous mercaptans. The introduc- 
tion of other groups or an increase in the size of the 
hydrocarbon radical in the molecule increases the boil- 
ing point so that the compounds normally are solids. 
Typical examples are 4-bromophenyl-, 4-methyl- 
phenyl-, 2-naphthyl-, and 1-anthraquinonyl-selenol, 
which melt at 75-77°, 46-47°, 72-74°, and 212°C., 
respectively. A few heterocyclic selenols are known, of 
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bs 3 eee 
which 5-acridinyl selenol, CsH.—C(SeH)N=C,H,, is 
ee 


probably the most typical. 

Selenols may be prepared by: 

(a) The interaction of an organic halide and an 
alkali acid selenide. 


MHSe + RX —»> RSeH + MX 
(b) The hydrolysis of an organic selenocyanate. 
RSeCN + MOH —> RSeH + MOCN 


(c) The action of the Grignard reagent on selenium. 


RMgX + Se —> RSeMgX 
RSeMgX + HCl —> RSeH + MgXCl 


(d) The oxygen of an alcohol can be directly replaced 
by selenium at high temperatures and pressures by the 
use of AlSe;. 


C;:H;,OH oe Al.Se; —_—> Al,O; -- 3C,.H;SeH 


(e) Cyclic selenols have been prepared by the reduc- 
tion of organic seleninic acids, selenonic acids, or di- 
selenides. 

RSeSeR + H: — > 2RSeH 
RSeOOH + 2H; —> RSeH + 2H.0 
RSeO;H + 3H. —> RSeH + 3H,0 

These methods parallel methods used for the prepara- 
tions of the analogous mercaptans. 

Two telluro-mercaptans or tellurols have been re- 
ported. One, ethyl tellurol, has been prepared by the 
action of AlyTe; on C;H;OH as in method (d); and the 
other, phenyl tellurol, by the reduction of diphenyl- 
ditelluride as in method (e). 

The prepared selenols are frequently contaminated 
by diselenides, which result from the oxidation of the 
selenol by the oxygen of the air. 


2RSeH + O —> RSeSeR + H,0 


Further oxidation by nitric acid yields seleninic acid. 
More vigorous oxidation, as with H,O, or KMnO,, will 
cause the formation of selenonic acid. 

Selenols react with soluble salts of heavy metals to 
form seleno-mercaptides, which might better be called 
selenolates. 


2RSeH + HgCl —> (RSe).Hg + 2HCl 


This property is shared by the tellurols and mercap- 
tans, but not by the alcohols, which will form alcohol- 
ates only with the alkali and alkaline earth elements. 
Other relationships between the oxygen, sulfur, sele- 
nium, and tellurium compounds are shown in Table 1. 

A consideration of the data presented in Table 1 
shows a great similarity in the properties of the typical 
compounds listed. Some blank spaces occur, probably 
because no attempt has been made to prepare the miss- 
ing compounds. The absence of a telluro-mercaptal 
may be an example of this type. Others are due to the 
influence of the oxygen, sulfur, selenium, or tellurium 
present. This is true in the case of the non-existent 
mercury alcoholate. 
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Name 
Formula 
nv. °C. 
Name 
Formula 
ax, °C. 


Na compds. 


Ethyl alcohol 
C:H;sOH 

78.5 
Phenol 
CcH;OH 
182 


Sodium alcoholate 


TABLE 1 


ALCOHOLS AND ANALOGS 


s 


Se 


Typical Compounds 


Ethyl mercaptan 
C:HsSH 

34.7 
Phenyl mercaptan 
CsHsSH 
172 


Ethy! tellurol 
C:HsTeH 


Ethyl selenol 
C:HsSeH 

53.5 
Phenyl selenol 
CceHsSeH 
183.6 


Pheny!] tellurol 
CsHsTeH 


Typical Derivatives 


Sodium ethyl mercaptide 


C:HsONa C:HsSNa 


Hg compds. 
(C2HsS)2Hg 

Ethylidene mercaptal 
CH;:CH(SC2Hs): 


Aldehyde compds. Acetal 
CH3:CH(OC:2Hs)2 


ae °S. 104 186.1 


Ketone compds. 
(CH3)2C(SC2Hs)2 


Diethy] disulfide 
C2HsS-SC2Hs 

153.5 

Ethyl sulfinic acid 
C:H;sSOOH 

Ethy!] sulfonic acid 
C:HsSO3H 

Diethyl] sulfide 
C:HsSC:Hs 

91.6 


Acetaldehyde 
CH:CHO 

ae, °C, 20.8 

Acetic acid 
CH;:COOH 


Oxidation products 


Diethy! ether 
C:HsOC:Hs 
34.5 


Dehydration compds. 


Bp. °C. 


It is worthy of recall that the oxidation of mercaptols 
yields such important hypnotics as sulfonal, (CHs;)2- 
C(SO2C2H;)2, tetronal, (C2H;)2C(SO2C2H;)2, and trional, 
CH;(C2H;)C(SO2C2Hs)2. One is somewhat shocked to 
discover that no corresponding selenium compounds 
have been reported. 


Likewise the effect of organic compounds containing 
the —SH group upon growth by cell division has been 


shown! to be definitely positive. Root hairs treated 
with mercaptan solution exhibit accelerated prolifera- 
tion. Also the —SH group was shown by Hammett to 
be ‘“‘an accelerator of healing of long-standing ulcers, 
bed sores, and the like.”’ 

Here again is untouched ground in the field of sele- 
nium research. Noreport has been made of similar tests 
with selenols. There are undoubtedly numerous ex- 
amples of other valuable alcohols, or derivatives of 
mercaptans. Each of these compounds certainly may 
be duplicated in the selenium series with interesting 
results. In some cases the valuable properties may 
disappear, but in others these characteristics may be 
accentuated. 

SELENOALDEHYDES 


The selenoaldehydes are less numerous than the 
selenols. Less than a half-dozen workers have contrib- 
uted to their preparation. Enough have been pre- 
pared, however, to present the most obvious character- 
istics of the class. No mention of the preparation of a 
telluroaldehyde has been found in the literature. The 
lower members of the series of selenoaldehydes exhibit a 
tendency to form polymers, as in the case of selenofor- 
maldehyde, or to present several modifications. This is 


true of selenoacetaldehyde, which is reported to possess 
‘ 


1 FREDERICK S. HAMMETT, Protoplasma, 11, 382-411 (1930); 
Proc. Amer. Phil. Soc., 69, 217-23 (1930). 


Mercury ethyl mercaptide 


Acetone ethyl mercaptol 


Sodium pheny] tellurolate 
CeHsTeNa 

Mercury compd. of pheny! tel- 
lurolate CeHsTe-HgCl 


Sodium ethy! selenolate 
C:HsSeNa 

Mercury ethy! selenolate 
(C2:HsSe):Hg 

Ethylidene di-a-naphthyl-seleno- 
mercaptal 
CHsCH(SeCoH7)2 

M.P., 130°C. 

Acetone ethyl! selenomercaptol 
(CH3)2C(SeC2Hs): 

Diethyl] diselenide 
C2HsSe-SeC2Hs 

85 

Ethyl seleninic acid 
C:HsSeOOH 

Ethyl selenonic acid 
C:HsSe03:H 

Diethyl] selenide Diethy] telluride 
C:HsSeC:Hs C:HsTeC:Hs 

110.1 135 


Dipheny] ditelluride 
CsHsTe-TeCeHs 


Pheny! tellurinic acid 
CsHsTeOOH 


a melting point of 117°C., 123-24°C., and 139°C., de- 
pending upon the crystallizing solvent. 

The selenium atom of selenobenzaldehyde may 
be removed by heating with copper powder. This 
action is accompanied by the formation of stilbene. 


2CsH;CHSe + 2Cu —> CsHsCH=CHC.Hs + 2CuSe 


Selenoisovaleraldehyde, which slowly decomposes in 
ether, ethyl alcohol, and in methyl alcohol to form a 
mirror of metallic selenium, possesses a terrible odor. 
Those working with it are reported to suffer from palpi- 
tation of the heart and difficulty in breathing. 

Both selenoaldehydes and thioaldehydes have usually 
been prepared by the action of H2Se or H2S on an alde- 


hyde. 
CsH;CHO + H.Se —> C.H;CHSe + H,0 


Selenobenzaldehyde, however, has been prepared by 
the action of K,Se upon benzylidine chloride. 
CsH;CHCl, te K.Se ———P> CsH;CHSe + 2KCl 


It is reported in three modifications, alpha, beta, and 
gamma-selenobenzaldehyde, and as the monomeric, 
dimeric, and trimeric modifications. 


TABLE 2 
ALDEHYDES AND ANALOGS 
oO Ss Se 
Trithioformalehyde Selenoformaldehyde 
(HCHS)s (HCHSe)x 
M.P., ca. 215°C. 
Selenoacetaldehyde 
CH;CHSe ' 
.¥., 117°C. 
M.P., 139°C. 
M.P., 123-24°C. cane 
Selenoisovaleraldehyde ... 
CisHsCHSe 
M.P., 56.5°C. 
Trithiobenzaldehyde Selenobenzaldehyde 
(CeéHs-CHS)s CeHs-CHSe 
M.P., 225-26°C. M.P., 
M.P., 166—67°C. M.P., 92-3°C. 
M.P., 189-93°C. 


Formaldehyde 
HCHO 
B.P., — 20°C. 
Acetaldehyde 
CH;sCHO 
B.P., 20.2°C. 


Thioacetaldehyde 
CH;:CHS 
B.P., 40°C. 


Thioisovaleraldehyde 
CsHsCHS 
B.P., 114°C. 


iso-Valeraldehyde 
CsHsCHO 

B.P., 92.5°C. 

Benzaldehyde 
CsHsCHO 

B.P., 179.5°C. 
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A consideration of Table 2 shows the preparation of 
no telluroaldehydes. The few thioaldehydes known 
have not been carefully studied. Few derivatives are 
reported, and properties are very incompletely de- 
scribed. The fact that telluroketones have been re- 
cently prepared would indicate that the telluroalde- 
hydes can be synthesized. 


SELENOKETONES 


To date only three selenoketones have been reported. 
These compounds were prepared by a method analogous 
to the preparation of thioketones. 


2CH;COCH; + 2H.Se (+HCl) —»> (CH;CSeCHs)2 + 2H,O 


The preparation of these compounds was suggested by 
an article? on the thio-derivatives of ketones. 

In this article the customary precise, highly imper- 
sonal and self-effacing phraseology of the German 
scientist is replaced by a most vivid and eloquent de- 
scription of the odor of thioacetone. The authors 
leave the impression that words cannot convey even an 
inadequate appreciation of the quality of this great 
stink and its effect upon their neighbors. 

Selenoketones also possess a very striking odor. It 
is, however, neither indescribably frightful nor does it 
contaminate whole sections of cities, as the thioacetone 
is supposed to have done. 

Each selenoketone prepared was found to exist as a 
condensed molecule containing two ketone units. 
Properties are little known. The odor is somewhat 
similar to that of garlic and mercaptans. Each com- 
pound is a red, mobile oil, which is heavier than water 
and volatile with steam. When dissolved in benzene or 
chloroform and treated with chlorine, decomposition 
occurred with the formation of selenium tetrachloride. 
Upon standing in alcohol, slow decomposition with 
precipitation of red selenium occurs. The freshly pre- 
pared substances possessed an odor different from that 
of the purified product. This may have indicated the 
presence of a monoselenoketone which was later con- 
verted into the diselenoketone isolated. 

Recently* four telluroketones have been prepared by 
the action of H.Te on the ketones. It is interesting to 
note that the color varies from yellow to brown. Each 
is an oil, insoluble in and heavier than water. The odor 


2 FROMM AND BAUMANN, Ber., 22, 1035, 2592 (1889). 
3 LYONS AND SCUDDER, tbid., 64, 530-2 (1931). 


'B.P., 56.1°C. Red oil 
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is disagreeable, but apparently less so than that of the 
selenium analogs. 


TABLE 3 
KETONES AND ANALOGS 
Telluroacetone 


CHsCTeCHs 
B.P. (10-13 
55- 


Diselenoacetone 
(CHsCSeCHs)2z 


Dithioacetone 
(CHsCSCHs)2 


Acetone 
CHsCOCHs 


Methyl ethy! ke- Diselenomethyl- 
tone ethylketone 
CHsCOC2Hs (CHsCSeCeHs)2 CHsCTeC:Hs 

B.P., 79.6°C. B.P. (9-10 
mim.), 63- 
66°C. 

Diethyltelluro- 
ketone 
CoHsCTeCeHs 

B.P. (8-11 mm.) 
69 —72°C. 

Dipropy! telluro- 
ketone 
CsH:COCs3H7 CsHiCTeCsH7 

B.P., 143.5°C. Oil 

Acetophenone Diselenoaceto- 

CH:COCe¢Hs phenone 
B.P., 202.3°C. (CHsCSeCcHs)2 
Red oil 


luroketone 


Diethylketone 


C2:H;:COC2H: 
B.P., 101.7°C. 


Dipropyl ketone 


INORGANIC REAGENTS 


Another aspect of research in the field of selenium 
organic chemistry is the availability of inorganic 
selenium reagents. Selenium metal has been contrib- 
uted to the author for research purposes by the 
generosity of the Baltimore Copper Smelting and Roll- 
ing Company. Hydrogen selenide is prepared in good 
yields by heating powdered selenium with paraffin‘ 
under controlled conditions. This compound makes 
available many inorganic selenides which are now being 
used in the synthesis of selenium organic compounds. 
Selenium dioxide is easily prepared in the pure state by 
solution of the metal in concentrated nitric acid, 
evaporation to dryness, and subsequent sublimation. 
Selenium tetrachloride is easily prepared by passing a 
rapid stream of chlorine into a suspension of powdered 
selenium in carbon tetrachloride. Selenium oxychlo- 
ride can be obtained on the market at reasonable prices. 
Many other inorganic reagents can be easily prepared 
from the above. This makes possible the synthesis of 
many different types of selenium compounds. It is to 
be anticipated that future workers in this field will 
emphasize more the properties of a seleno-organic 
compound than the fact that it has been synthesized. 


4C. GREEN AND W. E. Brant, Proc. Ind. Acad. Sci., 43, 
116-8 (1934). 
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HISTORICAL MATERIALS in 
HIGH-SCHOOL CHEMISTRY TEXTS 
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INTRODUCTION 


OST teachers of general chemistry make fre- 
M quent references to the men who have made the 
most important contributions to chemical 
knowledge and many teachers believe that the “‘his- 
torical approach’ is most valuable in gaining the in- 
terest of the students. During the past ten years more 
than 350 historical and biographical articles have 
appeared in only two periodicals dealing with the 
teaching of chemistry.* 

It seems to be almost universally agreed that some 
understanding of the development of chemical theory 
and some knowledge of the work of the men who have 
made important contributions to chemistry is essential 
to an appreciation of the present-day status of the 
science and fundamental to any real education in this 
field. It seems to be agreed, also, that some knowledge 


of the pre-history of chemistry and its development out 
of the pseudo-science of alchemy is essential to a clear 
understanding of its present possibilities and to an 
appreciation of its promise of future contributions to 


the progress of civilization. 

Many students never have a chance to study chemis- 
try except in the high school. It is believed that 
appropriate historical aspects of chemistry are particu- 
larly pertinent at this level and that high-school texts 
ought to deal with this field as adequately as may be 
possible. With this thought in mind twenty of the 
most widely used texts were examined and all references 
to chemical history and to the men who made the most 
important contributions to chemistry were noted. 
The purpose was to find the degree of agreement among 
textbook writers as to the amount of historical material 
which should be included in a high-school chemistry 
text, and as to the method of presentation of historical 
material. It was hoped that a summary of these data 
would yield generalizations which would be useful to 
teachers who wished to present chemistry in a more 
interesting and effective way, and also to future writers 
of texts. 

The following texts were examined and all historical 
references noted, classified, and tabulated. 


TABLE 1 
List or Books EXAMINED 
1. Black and Conant, ‘Practical Chemistry,” 1927, Macmillan Co. 
2. Bradbury, “‘A First Book in Chemistry,” 1934, D. Appleton-Century 
Company, Inc. 
3. Brownlee, Fuller, Hancock, Sohon, and Whitsit, ‘‘First Principles in 
Chemistry,” 1934, Allyn and Bacon 4 
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. Bruce, ‘‘High School Chemistry,’’ 1933, World Book Company 
5. Dinsmore, ‘‘Chemistry for Secondary Schools,’’ 1934, Laurel Book Com- 

pany 

. Dull, ‘Modern Chemistry,” 1931, Henry Holt and Co. 

. Emery, Davis, Boynton, Downey, ‘‘Chemistry in Everyday Life,” 
1928, Lyons and Carnahan 

. Fletcher, Smith and Harrow, ‘Beginning Chemistry,’’ 1929, American 
Book Company 

. Gray, Sandifur, and Hanna, ‘‘Fundamentals of Chemistry,” 1929, 
Houghton Mifflin Co. 

. Gordon, “Introductory Chemistry,’’ 1930, World Book Co. 

. Hessler, ‘‘The First Year of Chemistry,’’ 1931, Benj. H. Sanborn and 
Co. 

. Holmes and Mattern, ‘“‘Elements of Chemistry,” 1927, Macmillan Co. 

3. Howard, ‘“‘Units in Chemistry,”’ 1934, Henry Holt and Co. 

. Kendall, ‘‘Smith’s Elementary Chemistry,’’ 1924, The Century Co. 

. Masters and Floyd, ‘‘High School Chemistry,” 1933, The Southern Pub- 
lishing Co. 

. McPherson, Henderson, and Fowler, ‘‘Chemistry for Today,’’ 1930, Ginn 
and Co. 

. Naylor and Le Vesconte, ‘‘Introductory Chemistry with Household 
Applications,” 1933, The Century Co. 

. Newell, ‘Practical Chemistry,’”’ 1929, D. C. Heath & Co. 

. Smith and Mess, ‘‘Fundamentals of Modern Chemistry,”’ 1928, Henry 
Holt and Company 

. Stannard, ‘‘Modern Textbook in Chemistry,’’ 1930, Academic Book Co. 


CHEMICAL HISTORY IN HIGH-SCHOOL TEXTS 


When all items relating to chemical history were 
identified and tabulated, it was found that they could 
be classified under the following heads: 

A. Brief Accounts of the Development of Modern 
Chemistry from Alchemy and the Older Mixture of Fact 
and Superstition Which Preceded It. 

None of these accounts presented a clear-cut or con- 
nected outline of the history of chemistry, though three 
books used as much as one chapter to present some of 
the more interesting phases of chemical history in intro- 
duction to their treatments of chemistry. One book 
also gave a chronological list of important events in the 
history of American chemistry prior to 1912. 

The number of words used to present the historical 
aspects of chemistry ranged from 132 in one text to 4030 
in another. The changing attitude toward historical 
material is shown by the more thorough treatment in 
the more recent texts. The average number of words 
used in the ten books published before Jan. 1, 1931, 
was 1147, while the average for the ten books published 
since then was 2070. 

B. Short Historical Items Usually Scattered through 
the Texts. 

These were usually very short items given without 
any attempt to make them cover the subject consist- 
ently or adequately. One author devotes more space 
to an account of the discovery of radium and the work 
of the Curies, than to all other phases of chemical his- 
tory combined. Some authors show little consistency 
in their selection of historical material. Ina given text 
mention may be made of the discovery of bromine by 
Balard, and no mention made of Moissan and fluorine or 
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Courtois and iodine. Historical mention was made 
most frequently and fully as follows: 

a. The discovery of radium was treated in 13 books. 

b. The discovery of oxygen and the nature of com- 
bustion in 14 books. 

c. The history of Mendeléeff’s periodic table in 11 
books. 

d. The discovery of argon and other rare gases in 10 
books. 

e. The discovery of helium in 7 books. 
Only one author consistently uses the “historical ap- 
proach”’ in his presentation of each new unit or chapter. 

C. Short Mention of the Names of Important Persons 
in Chemical History. 


a. In connection with an account of the dis- 
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covery of a principle, an element, or important fact. 

b. Asa part of a biographical account of the life and 
work of the man. 

c. In connection with a process, some piece of appa- 

ratus or material which the person invented or im- 
proved. 
A total of 336 different names was mentioned in the 20 
texts. 258 names occur five times or less and 169 
names occur but once. 45 names are mentioned in 
more than half of the books. Only four names are 
mentioned in all the books. One book mentions a 
total of 146 different names, while another mentions 
only 37 names. A list of all names together with the 
number of books in which each name is mentioned is 
shown below. 


TABLE 2 


NAMES MENTIONED IN HIGH-SCHOOL TEXTS 


Name No. of Books 


Fischer 3 
Geber 3 
Gilchrist 
Gutzeit 
Hillebrand 
Keesom 
Kelly 
Kelvin 
Luckhardt 
Martin 
Meker 
McCoy 
Mond 
Prout 
Raoult 
Remsen 
Schénbein 
Serpek 
Siemens 
Silliman 
Stahl 

Stas 
Thenard 
Vorce 
Wedgwood 


Name No. of Books 


Goodyear 
Hopkins 

Newlands 
Thomson 


Name No. of Books 


Avogadro 
Boyle 
Bunsen 
Charles 


Bessemer 
Gay-Lussac 
Hall 
Mendeléeff 
Solvay 


Aston 
Baekeland 
Fehling 
Kipp 
Meyer 
Perkin 
Rose 
R6éntgen 


Dalton 
Frasch 


@ 0 0 O&O O&O 


Haber 
Priestley 
Ramsay 


Balard 
Brand 
Crookes 
Deacon 
Débereiner 
Dumas 
Graham 
Henry 
Heroult 
Millikan 
Tyndall 


Arrhenius 
Davy 

* Lavoisier 
Moissan 
Mosely 


WWWWWWWWWWWWWWNWWHWWWwWwWWw 


NNN 


Langmuir 
Mercer 
Rayleigh 
Rutherford, D. 
Scheele 


Abel 
Aristotle 
Bancroft 
Benedict 
Bolt wood 
Bradley 
Bragg 
Cannizzaro 
Democritus 
Devers 
Deville 
Franklin 
Fraunhofer 
Hittorf 
Hyatt 
Janssen 
Jewett 
Kekulé 
Lane 
Larson 
Lémondésov 
Lovejoy 
Newton 
Oersted 
Paracelsus 
Reamur 
Rutherford, E. 
Sherman 
Thomas 
Thompson 
Twitchell 
Valentine 
Von Baeyer 
Von Weimarn 
Willson 
Winkler 


Edison 
Hare 
Pasteur 


AAD 


Babbitt 


Lewis Brandt 


Du Long 
Hofmann 
Kirchoff 
Marsh 
Onnes 
Petit 
Turnbull 
Zsigmondy 


Acheson 
Dewar 
Nelson 


Becquerel 
Berzelius 
Cavendish 
Dakin 
Fahrenheit 
Glover 

Le Blanc 
Morley 
Welsbach 
Wood 


Onna aaa an 


Berthollet 
Black 
Carter 
Claude 
Drake 
Fourdrinier 
Harkins 
Liebig 
Lockyer 
Nobel 
Soddy 
van’t Hoff 


Castner 
Ostwald 
Parkes 
Richards 
Wohler 


hr PEEL LEE PP 


Allison 
Becher 
Bergius 
Berry 
Carrel 
Cassale 
Chardonnet 
Clark 
Daguerre 


Brown 
Faraday 


www 


Berkeland 
Bohr 
Cottrell 
Courtois 
Eyde 
Goldschmidt 
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Name No. of Books Name No. of Books Name No. of Books 


Arfvedson | Guignet 1 Phillips 
Aspdin 1 Pictet 
Hales — 
Hampson oy 


Hendricks Hever 
Henri ‘owe 


Proust 
Holt 
Holtz Puitsch 


Homberg Puitti 
Humboldt 


Bacon 
Bayer 
Baxter 
Beaumé 
Bell 
Bemberg 
Bergman 
Berkfield 
Bertrand 
Betts 
Bishop 
Blickett 
Boisbaudran 
Bosch 
Braune 
Bridgeman 
Brinnell 
Buchner 


tl ell eel el oe ol ol oo) 
Lt ell etl et ell el el 


Richter 
Rinman 
Ross 
Rossi 
Rumkorff 
Russell 


Jackson 
Jordon 


Knipp 
Kraft 


Kuhimen Schonherr 


Schwartz 
Segar 
Seubert 
Sheppard 
Sherard 
Simmonds 
Simpson 
Slosson 
Sobrero 
Sommer 
Soxhlett 
Spitzer 
Stammreich 
Starkweather 
Stewart 
Stromeyer 


Lal aell eel eel eel el ol eo 


Lassone 
Lawson 

Le Chatelier 
Le Clanche 
Lémery 
Lipman 
Lipowitz 
Lister 

Lotz 

Lunge 


Cailletet 
Carlyle 
Carre 
Celsius 
Chaptal 
Chevreul 
Cleave 
Cook 

Cort 
Coulomb 
Courtines 
Cronstedt 
Cruikshank 


et tt et et 


Magnus 
Mallet 
Matthieus 
Maxwell 
Mayo 
McCollum 
Mendel 
Michelson 
Miethe 
Mill 
Millon 
Mitscherlich 
Morton 
Murdoch 
Murphy 
Musket 


mt pet eet pet tet tet pet tt ft et et tt et tt 
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Tellier 
Thales 
Tilghman 
Toepler 
Toogood 
Torricelli 
Turnbull 


Da Gama 
Dalen 
Daniel 

Da Vinci 
Despeisses 
Diesel 
Drummond 
Dubbs 
Duhme 
Duncan 
Du Pont, L. 


Ulloa 


lt eel el el le 


et tt tt et et et et pt 


van der Waals 
Van Dyke 
Van Helmont 
Volta 

Von Marvin 


Naylor 
Nordhausen 
Nicholson 


Frank 
Fuller 
Fulmer 
Funk 


ee 


Ohrman 
Olezewski 
Oliver 
Osburne 
Owen 


Ward 

Wells 
Wilson 
Wimshurst 
Winkler 
Woodhouse 
Wroblewski 
Wynn 


Galileo 
Galvani 
Gaschler 
Gatehouse 
Geissler 
Gilbert 
Girard 
Goldstein 
Grew 
Grinnel 


Parr 
Parsons 
Pauling 
Pauly 
Perrin 


De te tt ttt tt pt 
et et et et et et pt 


Zeppelin 
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From a study of the frequency of occurrence of the 
various names a number of interesting facts come to 
light, and a number of questions arise. It is obvious 
that the more spectacular discoveries impress authors of 
texts more than some of the more important discover- 
ies. It is also apparent that authors are slow to realize 
the importance of new discoveries of epoch-making 
nature and the magnitude of their effects on chemical 
theory. Bohr is mentioned in only 9 books. Planck 
and the quantum theory are not mentioned at all. 

Among the questions raised are: “How many of the 
336 names are of sufficient importance to justify their 
inclusion in a high-school text?’’, ““What criteria may be 
used as a basis of selection of names?’’, and, ‘‘What is 
to be the reaction expected from the high-school student 
to such names as are included in his text?” 

D. Butographical Accounts 

A number of very brief biographical accounts were 
given in most texts. Most of these were given in sup- 
plement to or in explanation of cuts, though a few texts 
gave brief biographies of men whose likenesses were not 
shown. A total of 247 biographical accounts of 48 
different persons was given in the 20 texts. The 
number in a single text ranged from 0 to 31. These 
accounts usually consisted of name, date of birth and 
death, nationality, and brief mention of some single 
discovery or field of work. 

E. Cuts of Men and of Historical Laboratories and 
Apparatus. 

a. Nearly all books show cuts of men who, the 
authors believe, have made important contributions to 
chemistry. In some books a number of full-page cuts 
are given, while in others a few small cuts are considered 
sufficient. A total of 253 cuts of 50 different persons 
was shown in the 20 texts. The number of cuts of this 
type in a text ranged from 0 to 30. 

b. Cuts of historical laboratories, of pieces of appa- 
ratus of historical interest, and of articles of historical 
interest were found in several of the texts. Cuts of 
alchemical laboratories of the middle ages were most 
frequently shown. (See Table 3.) 


TABLE 3 
ANALYSIS OF INDIVIDUAL TESTS 


Words in His- 
No. of Bio- Historical torical 
Names graphies Portraits Accounts Cuts 
19 17 2319 
26 2820 
30 1959 
18 2539 
13 1589 
26 1281 
1 780 
24 2405 
16 1657 
19 2243 
0 235 
0 1462 
15 1084 
10 2243 
0 2006 
12 2586 
0 316 
22 4030 
0 792 
7 132 


Totals 34,378 
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CONCLUSION 


In spite of the widespread belief, among chemistry 
teachers, in the value of historical material as an aid in 
developing interest in chemistry and an understanding 
of its present status, there is no agreement among the 
textbook authors as to what historical material should 
be given nor as to how it should be presented. 

General confidence is shown in cuts and mere mention 
of names, and but few texts now available make any- 
thing more than a feeble and superficial attempt to pre- 
sent even the most meager outline of chemical history. 
No text presents a chronological account of the princi- 
pal events in the development of chemical theory. It 
seems probable that in the quite obvious attempts of 
some authors of high-school texts to include an account 
of all new discoveries and developments and to make 
their texts deal with all known fields of chemistry, these 
authors are missing a fine opportunity to express the 
real spirit of chemistry, to dramatize the altruistic 
spirit of science for youthful minds, and thus to render 
most valuable contributions to the progress of truth. 
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THE accompanying diagrams illustrate a convenient 
filter-paper dispenser and the method of loading it. 
The dispenser can be hung at any convenient place in 
the laboratory and transferred as need arises. It pro- 
tects the papers from dust, yet permits the placing of 
a folded paper in a funnel with one hand—often a time- 
saving convenience. 





DANIEL RUTHERFORD’S 
INAUGURAL DISSERTATION 


Communicated by LEONARD DOBBIN* 


Gavelton, Faladam, Blackshiels, Scotland 


COMING from the same hand as the translation of 
Joseph Black’s inaugural dissertation, printed in THIS 
JournaL in May and June, the translation of Daniel 
Rutherford’s dissertation ‘“‘On the Air Called Fixed, or 
Mephitic,” follows not inappropriately as a further notable 
record of the 18th century activity in chemical investigation 
in Scotland, which owed its existence in no small measure 
to the initiative of Cullen. 

As Black was a pupil of Cullen, so Rutherford was, in 
turn, a pupil of Black. It was from the latter that Ruth- 


erford was led to the examination of atmospheric and 
other gases. His graduation thesis in medicine may 
hence be regarded as in lineal descent from that of his 
master. 

It is not necessary to enter here into any particulars con- 
cerning Rutherford, since a well-informed article by Dr. 
Mary Elvira Weeks, which appeared in THIS JOURNAL 
in February, 1934, furnishes much interesting genealogi- 
cal and other detail regarding him, and to this article the 
attention of readers is directed. 


+++ +o + 


ON THE AIR CALLED FIXED, OR MEPHITIC 
(CRUM BROWN’S TRANSLATION) 


AIR is the name generally given to that pellucid, 
thin, and mobile fluid in which we live, which surrounds 
us and all our belongings, and chiefly constitutes the 
atmosphere, in which, in fine, there float clouds and 
various exhalations from almost every thing on earth. 

The necessity of this air, both for animal life and for 
sustaining fire seems to have been noticed in all ages; 
but others of its properties, less obvious, have been de- 
tected in the last century, since Natural Philosophy 
began to be cultivated more accurately by means of ex- 
periments—such are weight, elasticity, density, etc. 

As indeed air not only lies upon all sublunary bodies, 
but also, on account of its subtilty insinuates itself into 
their internal structure, and lurks there intimately 
mixed with the other matter of which they are com- 
posed, recent Philosophers have wished to find out of 
what kind this air is, which, compacted in other things, 
animal, vegetable, or mineral, seems necessary to their 
constitution. Indeed they have thought it worth 
while to investigate whether it contracts any injury, 
either from rest or from contact with the bodies in 
which it is inherent. And such inquiries do not seem 
useless, for such air fixed in other bodies, whenever it 
is given out, or, as they say, regenerated, differs so 
much from vital and wholesome air that it is often, not 
undeservedly called Mephitic. Its origin, then, and 
nature I shall endeavour as shortly as possible to ex- 
plain, as I have learnt from my illustrious teachers 

* Formerly Reader in Chemistry, University of Edinburgh; 
Secretary of the Alembic Club, Chemistry Department, King’s 
Buildings, Edinburgh. 


Cullen and Black, to whom I owe nearly all I shall have 
to say on this subject. 

But not to extend this dissertation beyond the cus- 
tomary academic brevity, there is neither room for a 
description of the course of all the experiments I have 
made on this matter, nor would this be desirable; it 
will, I hope, suffice at this time, to refer to their general 
results. 

By Mephitic Air, which some call Fixed Air, I under- 
stand, with the distinguished Prof. Black, that singu- 
lar species of air which is fatal to animals, which ex- 
tinguishes fire and flame, and which is attracted with 
great avidity by quick-lime and alkaline salts. 

Air imbued with these properties seems to be pro- 
duced in some places, in the very bowels of the earth, 
and sometimes to issue thence alone, as in the Averna 
of the ancients, and in the Grotta di Cani near Naples, 
sometimes to flow out, mixed with mineral waters, as 
in the Pyrmont spring. 

Further, it arises from the lungs of animals, for air, 
however wholesome to begin with, becomes to some ex- 
tent mephitic by repeated respiration. * 

It is also produced by the action of fire, for pure air 
passed through burning bodies acquires thence the said 
malignity. 

Lastly it is produced by means of some chemical 
processes, especially when substances are resolved into 
their component parts, whether that takes place as an 
effect of heat or of some vehement internal motion, as 


* Dr, Black’s Lectures, 
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in vinous fermentation, or lastly by the action of any 
menstruum by which some constituents of the substance 
are violently torn from others, as when an acid is poured 
on chalk or limestone, and indeed it is in this way that 
it can best be prepared for experimental purposes. 

Mephitic air so produced, or as they say regenerated, 
is endowed with some singular properties in which it 
differs much from common air, and by which it can 
easily be recognised. 

It greatly exceeds common air in specific gravity, in 
the proportion namely of 15'/. or 16 to 9. And hence 
it is that when it spontaneously exhales from the earth 
it scarcely rises more than a foot or two above the sur- 
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face; hence also if a cylindrical vessel filled with it be in- 
verted a little above a lighted candle, the air carried 
down by its own weight extinguishes the flame there;* 
but if common air is allowed access it is quickly at- 
tracted by it, and, its powers being diminished, loses its 
special character; hence it cannot be kept long in an 
open vessel however tall. 

It affects the nostrils and palate with a certain not 
unpleasant savour, not unlike that often given off by 
new and still fermenting beer. 

It changes the colour of infusion of violets from blue 
to purple, which pure air by no means does. 

Further, it exerts an eminent antiseptic power, by 


~* Dr. Black’s Lectures. 
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which it for a long time wards off putrefaction from 
other bodies with which it is brought into contact or 
mixed; although I have not yet found it able to expel 
or counteract putrefaction already begun, or to re- 
store putrid flesh, or liquids shut up with it, to their 
former purity. 

But the chief difference between pure air, or any 
other species of air, and this mephitic air is to be found 
in that conspicuous sympathy and attraction with 
which it unites with lime, with alkaline salts, and with 
any bodies of the same nature. It is caught in their 
embrace and joined in so stable a union that it, so to 
say, becomes solid with them, yet not without a great 
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NOTE OF PRESENTATION, RUTHERFORD’S DISSERTATION 
change in their nature. And as the preparation of 
lime serves in no small degree for the explanation of 
many phenomena connected with the matter in hand, 
it will be worth while to consider how any calcareous 
substance, for instance, chalk, is converted into lime, 
and what new properties it acquires. 

Chalk, then, as it is dug out of the earth is'a mild 
substance, almost tasteless, free from all acrimony; it 
quietly admits the access of water, without any move- 
ment or noise, yet it does not dissolve in it, but dis- 
solves easily in an acid liquid, not indeed without brisk 
conflict and effervescence; it produces no change on 
alkaline salts, nor they on it. 

But if chalk is subjected to a vehement heat, or, as 











372 





the Chemists say, is calcined, it then undergoes a won- 
derful change, and is converted into the said lime. For 
lime, so prepared, is distinguished from chalk by vari- 
ous properties. It is, namely, much lighter and more 
brittle; it has acquired a truly caustic acrimony; when 
water is poured on it, if it has been recently prepared, 
it becomes hot, hisses, swells, and cracks, and then dis- 
solves in it; it imbues alkaline salts with its burning 
acrimony; lastly it is strongly absorbed by acids; but, 
strange to say, unites with them now quietly and with- 
out any violent motion or ebullition. 

To explain these surprising changes, Chemists and 
Philosophers formerly devised various hypotheses, but 
all vain and inept, till at length our distinguished Pro- 
fessor of Chemistry, Dr. Black solved the difficulty, 
not by making any theory, but by means of very in- 
genious and trustworthy experiments.* 

For, having very accurately examined the nature of 
chalk and of lime, he found that the one can be changed 
into the other, and that all such changes depend solely 
on the expulsion or the restoration of air, that in fact 
chalk deprived of air becomes lime, and lime, on the 
reabsorption of air is brought back to the nature of 
chalk. 

For he found that chalk is filled with a vast quantity 
of mephitic air, and that, if pure and dry, it contains 
nothing else that is volatile, and so when it is strongly 
heated it loses nothing of its substance except air; for 
the earth can endure the greatest heat with impunity. 

If a drachm of chalk requires a given quantity of acid 
for its complete solution, that which remains of another 
drachm of the same chalk after it has been subjected to 
fire will not be perfectly dissolved unless we add the 
same quantity of acid. Moreover it is most worthy of 
notice that the chalk by solution in acid loses exactly 
the same weight as by calcination in the fire.t 

And the lime takes up from the fire no saline, above 
all no acrid particles, for it is wholly soluble in water, 
and by every test is found to be homogeneous. 

If mephitic air is exposed to lime, it is at once ab- 
sorbed, and the earth recovers its former weight and 
character.** So if we introduce such air into lime- 
water, it immediately becomes turbid, and soon de- 
posits an earthy powder, in no way to be distinguished 
from pure chalk. By an experiment of this kind it is 
possible to ascertain with certainty whether a given air 
contains even a trace of mephitic air. Similarly lime 
when mixed with a solution of an alkaline salt, which 
abounds in mephitic air, becomes mild by taking up this 
air; while the salt, deprived of its air, becomes caustic 
alkali. In quite the same way lime by long exposure to 
free air becomes mild and loses its peculiar qualities by 
absorption of the mephitic air which happens to be 
there. 

Acids, when they dissolve chalk, expel the air; so 
that if the earth is precipitated from this solution, 





* Edin. Phys. Observ., Vol. 2, pp. 157f. 
} Ibid., Vol. 2, p. 194. 

t Tbdid., p. 194. 
** Tbid., p. 195. 











JoURNAL OF CHEMICAL EDUCATION 


without air being supplied, it takes the form of lime, 
as happens when caustic alkali is added to it.* 

All calcareous stones agree in this, that by exposure 
to a sufficient heat they can be converted into a similar 
lime; yet they differ as to the quantity of air contained 
in them; -for the harder they are, the less air do they 
seem to have, the softer the more. So very hard black 
marble loses in the fire about */; of its weight, the softer 
white marble */s, calcareous spar °/,7, and chalk nearly 
the half. ) 

As mephitic air is attracted by chalk, so is it also by 
Magnesia alba, another species of absorbent earth. 
But here the properties are less changed by the addi- 
tion; for, whether free from air or saturated with it, 
it remains insipid and insoluble in water; nor does any 
great difference arise from this, except that the one 
unites quietly with acids, the other with effervescence. 
Magnesia, properly prepared, seems to consist to the ex- 
tent of 7/1 of air.t 

Quite similar is the mutual attraction between this 
air and alkaline salts. For these, when deprived of it, 
become more acrid and greedier of water, so much so 
that fixed alkali can only with difficulty, volatile alkali 
not at all, be brought into the solid form. On the 
contrary, when saturated with air they very easily 
form solid crystals;f both are then full of a great 
quantity of air, namely the fixed about °/», and the 
volatile 7/2. Hence it happens that there often arises 
a slight effervescence when we precipitate calcareous 
earth from an acid by means of a mild alkali; for the 
earth is unable to absorb the whole of the air.** 

But yet mephitic air by no means unites with the 
bodies just mentioned without discrimination, for 
certain of them it prefers, and leaves some to unite with 
others, and this in the following order, above all it pre- 
fers lime, then fixed alkali, after that Magnesia alba, 
and lastly volatile alkali.t{t From these things many 
chemical processes and phenomena resulting from them 
can be easily explained. 

So far the union of mephitic air with alkaline salts 
and calcareous earths, of which it seems to be very 
fond, has been spoken of, but it also either spontane- 
ously unites with some liquids, or, at all events can be 
combined with them, and first with water.*** For if 
it is introduced into a vessel full of water by means of a 
tube the end of which reaches to the bottom of the 
vessel, as it rises up it sets the water into a kind of 
boiling motion; but it does not all escape, for no small 
part of it remains with the water, and is, so to say, dis- 
solved in it. The quantity of air so dissolved varies; 
for the lighter or warmer the atmosphere, so much the 
less of the injected air is retained by the water; yet in 
general the volume of the air, when again recovered 





* Edin. Phys. Observ., Vol. 2, p. 206. 
it Vol. 2, p. 172. 
Dr. Black’s Lectures. 

** The noble and ingenious Mr. Cavendish was the first to 
observe these and many other things about mephitic air. Phil. 
Trans., 1766 and 1767. 

tt Edin. Phys. Observ., p. 224. 

*** Cavendish, loc. cit. 
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from the water, usually exceeds by a little the volume 
of the water. Water impregnated with this air ac- 
quires an acidulous, somewhat spirituous, and not un- 
pleasant taste, and in some other of its properties emu- 
lates the nature of an acid. For many bodies now dis- 
solve in it, which cannot be dissolved by plain water. 
For instance Magnesia alba and calcareous earths.* 
And from this it may be understood why mephitic air, 
driven into lime-water, at first separates the earth, 
which soon disappears, being again absorbed and al- 
most completely dissolved. 

Many metals are also to some extent dissolved by 
water charged with that air, especially iron and zinc;t 
and thence the water acquires the taste and other less 
obvious qualities of the dissolved metal, even if the 
proportion of metal is very small; thus iron dissolved 
in such water gives a black colour with galls. And so 
it seems likely that water so impregnated, should, 
while washing against metallic veins and mineral strata 
in the bowels of the earth, carry away with it parts of 
them, and on bursting forth from the earth be enriched 
with varied metallic efficacy. Hence it comes that, for 
the most part, these waters convert bodies placed in 
them as it were into stone; and hence also that water 
is obtained from some springs and wells, which, because 
of the calcareous earth dissolved in it, is unsuitable 
for domestic and culinary use till it has been purified 
by boiling or subsidence.f It is therefore not surpris- 
ing, if scarcely a single grain of solid vitriol can be pre- 
pared from chalybeate waters, although by boiling, 
iron is deposited in the form of ochre; because by the 
heat the menstruum by which the metallic parts were 
dissolved in the water has been driven off. As far then 
as the virtues of mineral waters depend on that air, it 
will not be difficult to imitate them by art. 


That air resident in waters is often so volatile and 
fugacious that it quickly flies away if any access 
of external air is allowed; and whatever had been dis- 
solved in it is separated as a pellicle, or if it should be 
heavier, goes down to the bottom. And so water of 
this sort should be kept in well corked and inverted 
bottles. And that air can not only be dispelled by the 
access of external air or by heat, but can also be ex- 
tracted by the air-pump, and be set free, although 
slowly, by the addition of salts. 

Mephitic air is also absorbed by other liquids, such 
as spirit of wine, expressed oils, etc.{ But as their ob- 
vious properties do not seem to be much changed by 
this, I have nothing to say about them. 

Leaving now the mephitic air which is obtained from 
calcareous bodies, I shall add a few words as to such 
air of other origin; and first of that which is rendered 
malign by animal respiration. It seems indeed sur- 
prising that, although no animals can live without the 
help of atmospheric air, yet this, by vital action be- 
comes so deadly, that it destroys life more quickly 


* Cavendish, loc. cit. ‘ 
t Lane, Phil. Trans., 1769. 
t{ Cavendish, loc. cit. 
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than almost any other poison. For the most lively 
animals immersed in this gas cease to live in almost a 
moment of time. Nay, if almost any animal is shut 
up in a glass vessel, without any communication with 
the external air, it begins to be affected with a certain 
trouble and restlessness, and sooner or later, according 
to the capacity of the vessel and the volume of the air 
in which it breathes, dies, as if struck with apoplexy. 
In the meantime the air in which the animal is, al- 
though it may seem at first to be a little expanded and 
rarified by its heat, yet it soon begins to lose somewhat 
of its elasticity, until when the animal is dead, it gradu- 
ally returns to its original volume, and then is brought 
into narrower limits, and is found to be to some extent 
mephitic. Thus the air in which a mouse had died had 
lost about 1/;5 of its volume; and about !/1 of it was 
absorbed by alkali; the flame of a wax candle immersed 
in it was at once extinguished, but the wick remained 
ignited a little longer. 

It seems very probable that different animals, breath- 
ing in some fixed quantity of air, will render a different 
proportion of it malignant; nay, that the same animal 
on different occasions, will be able, more quickly or 
more slowly, to infect the air with that lethal quality; 
especially as experience shows that the volume of the 
air, in which different animals are shut up is now more, 
now less diminished, sometimes namely !/, part of the 
whole, sometimes not more than '/3) part. Moreover 
it is known from experiments that among animals of 
the same species some can bear the malignant air longer 
than others; for if two mice are shut up in the same air, 
one often lives longer than the other; and it is indeed 
likely that the same might happen to the same animal 
at different times. These things make it difficult to de- 
termine the proportion of mephitic air, by which com- 
mon air is made unfit for respiration; yet perhaps that 
would result if it contained '/, part, or '/s of mephitic 
air. 

But, by the respiration of animals, wholesome and 
good air not only becomes in part mephitic, but it also 
suffers another singular change. For, after all the 
mephitic air has been separated and removed from it 
by means of caustic lye, still what remains does not be- 
come in any way more wholesome; for although it pro- 
duces no precipitate in lime-water, it extinguishes both 
flame and life no less than before. Nay, it is doubtful 
whether mephitic air is actually generated in the lungs, 
or, as seems more probable is perhaps already formed 
in the body from the food, and ejected by the lungs, as 
something noxious. 

It is, namely, observed that the warmer animals are, 
the more perfect and constant is their respiration, and 
the more quickly do they infect the air with a malig- 
nant nature; may we not then suspect that animal heat 
and that alteration of the air arise from the same 
cause ?** 

As the life of animals depends on the free use of air, 
so this is altogether necessary for the support of flame 


** Prof. Black. 
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and fire. But no less by fire than by respiration is it 
so changed as to be unfit for either use and contrary 
to both. And as the effects are nearly the same, what 
I have brought forward as to respiration may be re- 
peated as to combustion. 

Some bodies when burnt make air malignant more 
easily than others; thus phosphorus from urine will 
continue to shine in air in which a wax candle has been 
extinguished. 

Air which has just supported fire loses scarcely less 
of its elasticity than by animal respiration; its volume, 
namely, is diminished by about a twentieth part. But 
if nitre has been mixed with the burning body, the 
volume is rather increased, namely by the addition of 
the air which before lay hid in the nitre, and is now ex- 
pelled by the fire. 

The amount of mephitic air from a candle enclosed 
in a glass has about the same ratio to the whole quan- 
tity of air enclosed, as if an animal had died in it. 

Also about the same proportion of mephitic air mixed 
with common air seems to suffice to extinguish flame 
and life. 

Air which has been blown by bellows through ignited 
coals, and then purified from all mephitic air, is, never- 
theless still found to be malignant and quite similar to 
that which is spoiled by respiration. Nay, it is evident 
from experiments that this is the only change of the 
air that can be ascribed to combustion. For if any ma- 
terial whatever, consisting of phlogiston and a simple 
fixed base, is set on fire, the air thus produced seems to 
contain no trace of mephitic air. “Thus air in which 
sulphur or phosphorus from urine has been burned, al- 
though very malignant, does not precipitate lime from 
water. Sometimes indeed, if it has been from phos- 
phorus, it produces a cloud in lime-water, but very 
slight and not to be attributed to mephitic air, but 
rather to the acid which is contained in phosphorus, 
and which, as experiments have shown, has this singu- 
lar property. From these things it then follows that 
pure air cannot be converted into mephitic by com- 
bustion; but rather that that arises or is ejected from 
the body so decomposed. From these things we may 
also conclude that that malignant air is composed of 
atmospheric air united with phlogiston and, as it were, 
saturated. And indeed, this is confirmed by the fact 
that air which has just served for the calcination of 
metals, and has taken phlogiston from them, is ob- 
viously of the same kind. 

The last species of mephitic air which I shall mention 
is that which is produced by the decomposition of bodies: 
And at first sight it would seem that a great quantity 
arises in this way; seeing that there is rarely a chemical 
process without the eruption of a great deal of elastic 
air. That excellent man and accomplished philoso- 
pher, Hales, has found this to such an extent confirmed 
by experiments, that he would seem to have got a sus- 
picion from them that that air played the part of a bond 
for uniting the elements of all bodies, 

From his time, and especially from the discoveries 
of (Cl.) Black, some authors have indeed, not only 
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adopted this opinion, but have besides this, concluded 
that real mephitic air, such as is absorbed by alkalis, is 
the universal bond of the elements, from the departure 
or separation of which they would deduce the breaking 
up of substances; nay, they reason thus even on medi- 
cal matters, and would seek thence the causes of many 
diseases, and the powers of remedies. 

But although there are, perhaps, not lacking argu- 
ments to support Hales’ doctrine, as far as it supposes 
that the cohesion of bodies depends on some elastic 
fluid, yet certainly there is no experimental proof that 
mephitic air performs such a function. By similar 
reasoning it might be maintained that this was done by 
acid, alkali, oil, or anything else that is a frequent prod- 
uct of chemical analysis. 

Passing by many observations by which the singular 
nature of mephitic air is beginning to be elucidated, 
and which are altogether opposed to this hypothesis, it 
is moreover to be noted, that that air is in no case pro- 
duced from bodies in such quantity as it supposes. 
For, except fermenting vegetables which sometimes in- 
deed pour it out abundantly, it does not seem, in hardly 
any other case, to be produced in sufficient plenty. 
And when the air, so often generated or expelled from 
bodies by chemical art, as in Hales’ experiments, upon 
which this hypothesis specially relies, is examined, it 
is found that it often contains no mephitic air, and that 
in all cases by far the greater part of it has a quite oppo- 
site nature. 

Thus the elastic vapour which arises from metals 
when they are acted on by acids has hardly any of the 
properties of mephitic air; it varies according as it is 
produced from metals more, as it were, saturated with 
phlogiston, or according as it is more or less infected by 
the fumes of the acid: For sometimes it is found to be 
inflammable, and sometimes it extinguishes flame; yet 
of whatever kind it be, it is not attracted by alkalis. 
What, again, is given off in the conflict of acids with 
oils does not differ much from that which comes from 
metals, except that it has a very little mephitic air 
mixed with it; from them (oils) indeed, vitriolic acid 
extricates an inflammable vapour, nitrous acid one 
that extinguishes flame. 

By the action of heat, an elastic air is also obtained 
from animal and vegetable substances and from bitu- 
minous minerals, which always flashes and takes fire 
on the application of a flame; though a small propor- 
tion of it seems to consist of mephitic air. But what 
is given off from other mineral bodies which I have sub- 
jected to experiment, such as sea-salt, nitre, etc., if dis- 
tilled in glass or in earthen vessels, scarcely differs 
from common air. 

Lastly, air which arises from putrefying flesh simi- 
larly takes fire,* and is also found to be, in part, me- 
phitic. But surely the putrefaction of flesh can no more 
be attributed to the separation of this, than can the 
combustion of coal. Indeed very many of the phe- 
nomena of putrefaction simulate so much a very gentle 
combustion, that it would seem probable that both de- 





* Cavendish, loc. cit. 
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pend on the same cause variously modified; namely 
the varying agitation of the phlogiston, as it escapes 
from the substance and is dissipated into vapours. 
And to this indeed points the fact that air in which 
flesh has become putrid is in part converted into me- 
phitic air, and in part into that other species, as in com- 
bustion. 

I intended to add some things as to the composition 
of mephitic air, and thence to seek a way by which its 
malignity could be destroyed; but as to this I have 
hitherto found nothing certain. Some observations 
point to the view that this air is composed of phlogistic 
matter and atmospheric air; for it is never produced 
but from bodies abounding in matters fit for combus- 
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tion; phlogiston also seems to participate with other 
bodies, and hence is able to reduce the calces ‘of metals. 
I say of phlogistic matter, because, as noted above, pure 
phlogiston united to common air seems to form another 
species of air. Lately, as I have heard, the very in- 
genious Joseph Priestly [sic], author of the famous 
history of electricity, has made it very probable that 
vegetables growing in mephitic air dispel, or as it were 
extract from it the noxious properties, and restore it to 
its pristine salubrity; and also that mephitic air, by the 
addition of air from putrid flesh, in part loses its malig- 
nity. But the experiments by which these things might 
be confirmed have not as yet been made with sufficient 
accuracy. 





DETERMINATION of the PERCENT- 
AGE by VOLUME of OXYGEN in AIR 


A. T. LINCOLN anp HAROLD P. KLUG 


Carleton College, Northfield, Minnesota 


NE OF the common exercises in general chemistry 
is the determination of the percentage of oxygen 
in air. Various methods are employed and the 

most common is the absorption of oxygen by alkaline 
pyrogallol in a Hempel pipet or directly in the buret. 
Everyone who has employed this method can testify to 
its inconvenience and to the difficulties inherent in the 
manipulation. 

During the past ten years we have been employing, 
as the absorbing medium, copper in an ammoniacal 
ammonium chloride solution in a Hempel pipet con- 
nected with a Hempel buret.* During this time we 
have gradually improved the apparatus so that it is 
now very compact, and the manipulation is so simple 
that general chemistry students have no difficulty in 
obtaining satisfactory results. 


THE APPARATUS 


The complete set-up comprises the Hempel buret 
attached to an absorption pipet for solids by means of a 
three-way stopcock. The units are all mounted on a 
heavy ring-stand, thus making the whole apparatus 
compact and easily transportable. The accompanying 
figure shows a detailed view of the three-way capillary 
stopcock, its connections with the buret and the pipet 
for solids which is shown filled with thin copper foil and 
the ammoniacal solution of ammonium chloride. This 
is a 14% NH; solution saturated with NH,Cl. The 
metallic copper oxidizes readily in the presence of the 
ammoniacal solution which in turn removes the oxide 


* This method is described by Dennis, ‘‘Gas analysis,” The 
Macmillan Co., New York City, 1913, p. 167. 


DETAILED REPRESENTATION OF THE THREE-WAY 
Stopcock SHOWING ITS CONNECTIONS WITH THE 
PIPET, THE BURET, AND THE ATMOSPHERE 
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of copper formed. The absorption of oxygen is rapid 
and complete. We use the same solution for about 
two weeks, making about twenty analyses with each 
filling. 

PROCEDURE 


a. Filling the Buret with Distilled Water —See that the buret is 
open, through the stopcock, to the air. Half fill the buret and 
leveling tube with distilled water. Now connect the buret with 
the pipet through the stopcock. Lower the leveling tube slowly 
until the air is withdrawn from the pipet and the column of 
liquid stands in the capillary tube on a level with the horizontal 
portion of the pipet. Mark this point and always bring the 
liquid in the pipet back to this point. Next shut off the pipet by 
means of the stopcock and open the buret to the air. Raise the 
leveling tube and force out the air in the buret until the surface 
of the water in the buret is at the zero mark and the surfaces of the 
liquids in the two tubes are level. 

b. Taking the Sample of Air.—With the surfaces of the water in 
the leveling tube and buret level, open the stopcock to the air 
and gradually lower the leveling tube. This lets the air enter the 
buret. Continue lowering the leveling tube until the surfaces of 
the water in the tubes are level at the 100-ml. mark. To make the 
reading more accurate, place the two tubes in contact with the 
water levels the same, comparing the undersurfaces of the 
menisci. Now close the stopcock. Repeat reading and assure 
yourself that you have exactly 100 ml. of air under atmospheric 
pressure. 

c. Transference of Sample of Air to Pipet.—See that the pipet 
is full of liquid, the surface in the vertical capillary tube being 
even with the horizontal portion of the capillary tube of the 
pipet. By means of the stopcock, connect the pipet with the 
buret. Raise the leveling tube slowly and force the air sample 
into the pipet. It is necessary to keep the surface of the water 
in the leveling tube a few inches above the surface in the buret. 
When all the air has been transferred to the pipet, allow it to 
stand in contact with the copper for about five minutes. Then 
return the air to the buret by lowering the leveling tube, level 
the liquid surfaces, and read the volume of the air in the buret. 
Record the reading. Now return the air to the pipet. Allow it 
to remain in contact with the copper and solution about five 
minutes, then return it to the buret. Level the water surfaces 
and read the volume of air remaining. Repeat this process 
three or more times until the last two readings of the residual 
gas volume are the same. Record this as your final reading. 
Connect the buret with the atmosphere, raise the leveling tube, 
and remove all the residual gas from the buret and the pipet. 

Introduce a new sample of air into the buret and measure it in 
the manner described above. Transfer it to the pipet three 
successive times or until the volume of the residual gas is con- 
stant and take the final constant reading as described. Record 
this value. 

Take a third sample of air and treat it in the manner just de- 
scribed. The average of the values for the three different samples 
of air gives the volume of the residual gas and this deducted from 
100 ml. gives the volume of oxygen in 100 ml. of air. Calculate 
the percentage of oxygen in air. 


RESULTS OBTAINED BY STUDENTS 


In the following table are presented a few of the 
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results obtained by the students in different classes and 
different years. 


Samples of 
Air Measured Percentage 
by Different Readings of Oxygen 
Students First Second Third Fourth in Air Av. 
I 1 81.0 79.8 79.8 20.2 
2 80.9 79.8 79.8 20.2 
3 80.0 79.8 79.8 20.2 
20.2 
II 1 80.8 80.8 80.8 19.2 
2 79.9 79.9 79.9 20.1 
3 80.2 80.1 80.1 19.9 
19.73 
III 1 80.5 79.8 79.8 20.2 
2 79.8 79.6 79.6 20.4 
3 80.0 80.0 79.7. C20iz) ES 
20.3 
IV 1 80.0 79.9 79.9 20.1 
2 79.9 79.6 79.6 20.4 
3 79.8 79.4 79.4 20.6 
20.3 
Vv 5 80.5 80.5 80.5 19.5 
2 80.2 80.0 80.0 20.0 
3 80.0 80.0 80.0 20.0 
19.8 
VI 1 79.9 79.7 79.7 20.3 
2 80.0 79.9 79.9 20.1 
3 80.0 79.6 79.6 20.4 
20.26 
VII s 81.0 81.4 81.2 (81.2) 18.8 
2 80.6 80.2 80.2 (80.2) 19.8 
3 80.4 80.4 80.0 (80.0) 20.0 
19.53 
VIII 1 83.2 82.7 82.2 (82.2) 17.8 
2 80.2 80.0 80.0 (80.0) 20.0 
3 80.0 80.0 80.0 (80.0) 20.0 
19.6 
Ix 1 80.8 80.7 80.7 (80.6) 19.4 
2 81.0 80.0 80.0 (80.0) 20.0 
3 80.8 80.0 80. (80.0) 20.0 
19.8 
x - 1 79.6 79.9 81.9 (79.8) 19.95 
2 79.6 79.9 81.9 (79.8) 19.95 
3 78.9 79.6 79.6 20.3 
20.07 


Each Roman figure represents the experiments of one 
pair of students and there are listed in each case three 
analyses, indicating the exercise was done in triplicate. 
These are typical student results, as obtained by class 
after class. The time required for the exercise is one 
laboratory period of two hours, the students working 
in pairs, because of the necessity imposed by limited 
equipment. No effort is made to correct the gas vol- 
umes for the vapor pressure of water at room tempera- 
ture, since with us this exercise is performed before the 
gas laws have been considered. The correction would 
be smaller than the manipulative ability of the students 
at this stage justifies. 





DEATH OF MISS OCTAVIA CHAPIN 
We regret to have to announce the death, on May 8th, of Miss Octavia Chapin. 





Miss Chapin was an instruc- 


tor in the high school at Malden, Massachusetts, and had long been an active member and secretary of the New 


England Association of Chemistry Teachers. 





She abstracted the Report of that association for the JOURNAL. 



















CONSTANT-BOILING 
HYDROCHLORIC ACID 


JOHN L. SHELDON 


Battle Creek College, Battle Creek, Michigan 


A short survey of the important work which has been 
done on the subject of constant-boiling hydrochloric acid 
as an analytical standard is presented. Instructions for 
preparing and using the mixture are given. 


+~+ ++ + + 


LTHOUGH constant-boiling hydrochloric acid has 
been recommended as a standard for acidimetry- 
alkalimetry since 1909, it has not had the exten- 

sive use which its many desirable qualities deserve. The 
existence of this constant-boiling mixture has been 
known since the time of Dalton. Bineau (1), in 1843, 
and Roscoe and Dittmar (2, 3, 4), in 1859-60, published 
papers concerning it. The composition of the mixture 
varies with the pressure at which it is distilled. These 
last two investigators determined the composition of 
the constant-boiling mixture distilled at pressures from 
65 to 2510 mm. Hulett and Bonner (5) were the first 
to suggest it as a standard. In their paper, published 
in 1909, they described the method of preparing and 
using the standard. They stated that the composition 
of the distillate collected according to their instructions 
should not vary more than one part in ten thousand 
from the values given in their table. The subsequent 
work of Morey (6), Hendrixson (7), Foulk and Hollings- 
worth (8), Bonner and Branting (9), and MacInnes and 
Dole (11) has shown the mixture to be a very accurately 
reproducible standard. Shaw (10) investigated the 
keeping characteristics of the mixture and found that 
several samples kept tightly stoppered in pyrex flasks 
for periods of time up to 39 months displayed no varia- 
tion from their initially determined concentrations 
greater than one part in a thousand. The work of 
Bonner and Titus (12) and Bonner and Wallace (13) 
in determining the composition and boiling point of 
constant-boiling hydrochloric acid over a pressure range 
of 50 to 1220 mm. is probably the most accurate of 
any of the work cited. They also investigated the effect 
of the rate of distillation upon the composition of the 
distillate, at rates varying from 1.7 to 4.9 cc. per minute, 
and were unable to corroborate the previous conclusion 
of Foulk and Hollingsworth that the rate of distillation 
affects the composition. 

The following practical instructions for the prepara- 
tion of constant-boiling hydrochloric acid for use as a 
standard have been compiled from the preceding refer- 
ences, Concentrated hydrochloric acid is first diluted 
to a density of approximately 1.10. This is done by 
diluting 100 cc. of 35-37% HCl (density 1.178-1.185) 
to approximately 190 cc. The distilling flask should 


rest on an asbestos-centered wire gauze. A screen of 
heavy asbestos paper with a hole in the center just a 
little smaller than the asbestos center of the gauze is 
used to protect the flask. The flask should be further 
protected by a cylinder of asbestos paper which rests 
on the horizontal asbestos screen and which is as high 
as the flask. This protection of the flask is very im- 
portant, because it prevents super-heating at the end of 
the distillation. Distillation should be at the rate of 3 
to 4 cc. per minute and once started it should not be 
interrupted. The condenser should be fitted with an 
adapter. The first 75% of the distillate is set aside for 
use as high grade 6N reagent acid and the next 15% is 
distilled through the adapter directly into a pyrex flask 
and saved. If a large amount of acid is distilled, dis- 
tillation may be continued until only about 50 cc. re- 
mains in the flask. The barometer should be read at 
the beginning and at the end of the distillation and the 
average of the two readings is recorded. The distillate 
should be tightly stoppered with a new rubber stopper 
and should be kept preferably in a closed cupboard. 
When needed it may be used in two ways: (1) small 
weighed samples may be used for standardizing alkali 
solutions, or (2) it may be used directly for the prepara- 
tion of standard solutions of acid by diluting weighed 
amounts to a definite volume. The weighing can be 
done in small flasks, the weight being accurately ad- 
justed by means of a capillary pipet. Since the mix- 
ture is not very volatile and does not change in strength 
upon being exposed it is not necessary to take unusual 
precautions in the weighing. The following table, 
from Foulk and Hollingsworth (8), may be used to 
determine the amount of the constant-boiling distillate 
to be weighed: 


4 
Air Weight of Constant-boiling 
Distillate That Contains 1 Mol 


Vacuum Weight of 
HCl (Grams) 
180.407 
180.193 
179.979 
179.766 
179.555 


Pressure, % HCl—Vacuum 
mm. Weight Basis 
770 20.197 
760 20.221 
750 20.245 
740 20.269 
730 20.293 


Although it is not usually feasible for all the members 
of a quantitative laboratory section to prepare this 
standard, it is desirable to have a few, at least one, 
do so. Students who have previously had experience 
in the organic laboratory should be able to make the 
set-up and carry out the distillation in a minimum of 
time. In schools where a supply of standard acid is 
kept for student use in courses other than quantitative 
analysis, a considerable quantity of the mixture can be 
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made up and used when it is desired to prepare standard 
solutions of HCl of any exact normality. 

Students of physical chemistry who are determining 
the temperature-composition curves for the liquid and 
vapor of the binary pair hydrochloric acid-water may 
advantageously prepare a sample of this standard as a 
supplementary project. 
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JouRNAL OF CHEMICAL EDUCATION 


(2) Roscok AND Dittmar, Ann., 112, 343 (1859), as cited in 
(9) and (13). 
(3) RoscoE AND Dittmar, J. Chem. Soc., 12, 128 (1860), as 
cited in (9) and (18). 
(4) Roscog, Ann., 116, 213 (1860), as cited in (9) and (13). 
(5) HuLetr AND Bonner, J. Am. Chem. Soc., 31, 390 (1909). 
(6) Morey, ibid., 34, 1027 (1912). 
(7) HENDRIXSON, ibid., 37, 2352 (1915). 
(8) FouLK AND HOLLINGSworRTH, tbid., 45, 1220 (1923). 
(9) BONNER AND BRANTING, tbid., 48, 3093 (1926). 
(10) SHaw, Ind. Eng. Chem., 18, 1065 (1926). 
(11) MacINNEs AND Do ez, J. Am. Chem. Soc., 51, 1125 (1929). 
(12) BoNNER AND Titus, tbid., 52, 633 (1930). 
(13) BoNNER AND WALLACE, tbid., 52, 1747 (1930). 





MOLECULAR MODELS in 
INORGANIC CHEMISTRY’ 


RICHARD F. ROBEY 


The Ohio State University, Columbus, Ohio 


The difficulties inherent in demonstrating clearly and 
effectively the many types of isomerism of inorganic co- 
ordination compounds on the blackboard, have been re- 
lieved by the adaptation of inexpensive organic molecular 
models and other simple materials. A brief discussion 
is given to show how such models may be used in the lec- 


ture. 


++ oe oe oe 


HE USE of molecular models in the explanation 

of isomerism and homology to the students of 

elementary organic chemistry is quite common 
and indeed such models may be purchased on the 
market at relatively small expense.| However, the 
use of similar models to explain the three-dimensional 
relationships existing in codérdination compounds to 
students of inorganic chemistry has been much less 
common despite their relative importance. 

In an elementary discussion of Werner’s theory, use 
is generally made of a tabulation of the platinic chloride 
ammonates and their properties as given in Table 1. 
It is usually pointed out: 

(1) That observations on these ammines or ammo- 
nates disclose a general property of this type of com- 
pound—namely, that while four atoms of chlorine have 
gone to make up each of these five compounds, only 
chloride ions to the number indicated for each compound 
react with such a simple reagent as silver nitrate. 

(2) That the equivalent conductances decrease with 


* Presented before the Chemistry Division of the Ohio Acad- 
emy of Science at Columbus, March 30, 1934; and the Division 
of Chemical Education of the American Chemical Society at 
Cleveland, September 11, 1934. 

t See, for example: N. Minné, J. CHem. Epuc., 6, 1984 (1929); 
A. L. Pouteur, tbid., 9, 301-16 (1932); W. R. BRopE ann C. E. 
Boorp, tbid., 9, 1774-82 (1932). 

t For an excellent review of the electronic aspect of Werner’s 
theory see C. A. BUEHLER, ibid., 10, 741-5 (1933). 


decreasing ammonia content until the diammine of 
platinic chloride has no conductivity. 

(3) That in order to explain this and similar phe- 
nomena, Werner in 1893 proposed an entirely new 
theory of molecular structure, which was determined 
by the tendency of certain apparently saturated atoms 
or ions to attach or codrdinate to themselves a definite 
number of other atoms or groups. This number he 
called the ‘‘coérdination number.’’ Or, to be more 
specific, certain of the chloride ions of the platinic chlo- 
ride ammonates are unavailable to silver nitrate, be- 
cause the ammonia molecules and the unavailable 
chlorine atoms are occupying the coérdination or pri- 
mary sphere of the platinic ion, and in each of the five 
compounds cited, the number of atoms or groups oc- 
cupying this sphere is constantly six. 


TABLE 1 
THE PLATINIC CHLORIDE AMMONATES 


Ammonate Gram-ions 

Formula of Cl-/mol. A 
PtCh-6NHs 523 
PtCh5NHs 404 
PtCh-4NH3 229 
PtCl:3NHs 97 
PtCh-2NH:3 0 

(4) That experimentally the groups in the outer or 
secondary sphere are characterized by being ionized in 
water and by lending themselves to electrical conduc- 
tion, while the constituents of the codrdination group 
are not. 

(5) That to mark this distinction Werner introduced 
the square bracket in the formulas given to enclose 
those atoms which form the codrdination group and 
are not ionized. 

(6) That Werner took a step even farther and as- 
signed definite positions in space to the groups in the 
coordination sphere. He proposed, supported by iso- 
meric proof, that the six codrdinated units arrange 
themselves with the symmetry of the vertices of a sim- 


Werner’s Formula 
[Pt(NHs)6]Ck 
[Pt(NHs)sC1]Cls 
[Pt(NHs3)4Cl2JCle 
[Pt(NHs)sCls]Cl 
[Pt(NHs)2Ch] 
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ple octahedron about the centrally located coérdinating 
ion. 

It is not always immediately apparent to the stu- 
dent from blackboard sketches or from the frequently 
used planar diagram as shown in Figure 1, that this 
octahedral symmetry presumes all six positions to be 
equivalent, but with the aid of models adapted from 
the convenient and inexpensive organic molecular 
models, which may be oriented or modified before a 
class, this may be made quite obvious. Model H in 
Figure 2 represents, for example, the central coérdinat- 
ing ion surrounded by six units, five ammonia mole- 
cules and one chlorine atom, all at right angles to one 
another, giving the octahedral arrangement, and may 
be thought of, as the monochloropentammino-platinic 
ion. Since all six octahedral positions are equivalent, 
the ion shows no isomerism. 











FIGURE 1 


With an ion of the type MA,B,"*—that is, with two 
atoms of one kind and four of another in the coérdina- 
tion sphere, however, we have geometrical isomerism, 
as may be shown by the models of the cis (Model J) 
and trans (Model J) forms of the dichlorotetrammino- 
platinic ion, since the chlorine atoms may occupy 
either opposite or adjacent positions. The octahedral 
symmetry in this case is emphasized by outlining with 
wire. 

Another type of isomerism capable of existence in 
these compounds is the so-called “ionization isomer- 
ism.’’ It may be demonstrated with Model H. It is 
easy to see that no indication is made as to the anions 
outside the coérdination sphere of the cation. There 
is the possibility, and it has been borne out experi- 
mentally, that we may have a compound with a chlo- 
ride ion inside the primary sphere and a bromide out- 
side isomeric with a compound with a bromide inside 
and a chloride outside. 

In the cases just mentioned, one atom, molecule, or 
ion occupied each of the six positions of the codrdina- 
tion sphere. It is, however, equally possible for one 
molecule to occupy two of these six positions simultane- 
ously, if two characteristic coérdinating groups occur 
in the molecule. In that case the product must con- 











FIGURE 2 


tain a ring structure. Such substances have been 
named ‘‘chelates.’’ Figure 3 shows diagrammatically 
a typical chelate ring formed by ethylenediamine.* 


\ Pa Ne 
ae yo 


FIGURE 3.—TyYPICAL CHELATION 


The discovery of their nature is a masterpiece of 
Werner, whereby he established the octahedral theory 
of coérdination symmetry of those atoms with a co- 
ordination number of six. This consisted in the sepa- 
ration of the cis and trans isomers of dinitritodiethylene- 
diammino-cobaltic chloride. Here geometrical isom- 
erism is again encountered becauise of the two possi- 
bilities: the groups may occupy adjacent or opposite 
positions as shown by models B and EZ, respectively. 
If we let the paper spans or arcs represent the ethylene- 
diammino chelates, and the spheres the nitrito groups, 
then these are the models of such isomers, keeping in 
mind that only the cation is represented because it is 
there that this type of isomerism exists. Since the 
cis form is asymmetric, Werner in turn has, resolved 
it into the d and / forms of the non-superimposable 
optical isomers, 7. e., mirror images (models A and B). 
This phenomenon may be demonstrated to a class very 
effectively by attempting to superimpose the models, 
or by the actual use of a mirror. It may also be pointed 

* Other ions or molecules which form symmetrical chelates 
include catechol, oxalate, malonate, hydrazine, and a-a’-di- 
pyridyl. 
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out here that in 1912, Werner clinched his theory by the 
resolution of the ¢ri-ethylenediammino-cobaltic chloride, 
the optical isomers of the cation of which are repre- 
sented in models C and D. 

One observes from the structural formula {Figure 3) 
that the ethylenediammino chelate is symmetrical. 
Many compounds, however, form non-symmetrical 
chelates. The non-symmetrical chelates have aided 
greatly in the proof of the symmetry of the coérdina- 
tion spheres of beryllium, boron, copper, and zinc; 
all of which have a coérdination number of four, in- 
stead of six. For example, the beryllium, copper, and 
zinc benzoylpyruvates, and borosalicylic acid have 
been resolved into their d and / forms, which are usually 
represented in the planar form as shown in Figure 4. 
A more convincing illustration of this optical isomer- 
ism may be furnished by models similar to F and G. 
The non-symmetrical chelate groups, attached to two 
points of the tetrahedron, may be represented by the 
unsymmetrical paper arcs, so that these models repre- 
sent the d and / forms of the benzoylpyruvate com- 
pounds of beryllium, copper, and zinc; and also the 
anion in the case of borosalicylic acid. This isomerism 
proves the tetrahedral symmetry of the codrdination 
spheres of these atoms because, of course, such isom- 
erism could not exist if the groups were coplanar.* 
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FIGURE 4 








There are, nevertheless, two ions whose coérdinated 
and coérdinating groups are in the same plane, namely, 
the platinous ion and telluronium ion. The represen- 
tation of their geometrical isomerism is so readily 
adaptable to the blackboard that models are of no aid 
in their cases. 

The tetrahedral symmetry of the codrdination spheres 
of the atoms of nitrogen, silicon, phosphorus, arsenic, 

* Among other ions or molecules which form non-symmetrical 
chelates are salicylate, glycinate, a-propylenediamine, picolinate, 
enol-acetylacetonate, a-nitroso-8-naphthol, 8-hydroxyquinoline, 
and cupferron, the latter four of which are of importance because 
of their use as mordant dyes or as organic reagents in the presence 
of the metal cations. 
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and tin, all of which have a coérdination number of 
four, has been proved by the resolution of asymmetric 
compounds with four different substitutions, much as 
the symmetry of the carbon valences has been proved, 
and, of course, the unaltered organic molecular models 
may be used to show this. 

The formula of another compound of special instruc- 
tional interest is given in Figure 5A. Werner pre- 
pared and resolved it in 1914 as a final proof that the 
optical activity of these codrdinated compounds is not 
due to some conceivable rearrangement of the organic 
groups. The simple model K may be used to dispel 
the notion that optical isomerism is peculiar only to 
compounds of carbon. 


HO. 
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H.0 
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HO 
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(NHs3) 


OAc OAc 
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FIGuRE 5 


It represents the cation of one of the mirror-image 
forms of this compound. Here there are three cobalt 
coérdination nuclei mutually acting as chelates through 
the sharing of their two hydroxyl groups with a single 
cobalt nucleus, arranged, as you see, like the chelates 
of the triethylenediammino model D. All coérdina- 
tion positions of the central nucleus are filled and am- 
monia molecules must be visualized on the remaining 
vertices of the other nuclei, much as we assume the 
hydrogen atoms when we draw the usual hexagonal 
structure for benzene on the blackboard. This model 
has been made up from sheet metal, which represents 
the polynuclear compounds somewhat better than the 
other type because of the simplified appearance. 
Many other polynuclear coérdination compounds exist; 
for example, LZ is a model of the cation of a molecule of 
the formula given in Figure 5B in which two nuclei are 
joined by an imino group, and is comparable to the 
diphenyl of the organic realm. And M is the model of 
a chromium compound (Figure 5C), in which there oc- 
cur three chromium atoms, two of which are tetrahe- 
drally codrdinated, and the central atom octahedrally, 
the whole of which has the symmetry of a rhombohe- 
dron. 

In conclusion, it is obvious that these models offer 
the following advantages. (1) They are conveniently 
alterable. (2) They are prepared from models used 
in organic chemistry, which are now on the market, 
or from common materials at relatively small ex- 

¢ This point has been well presented by J. W. BENNETT, “Liaison 


at organic and inorganic chemistry,” J. CHem. Epuc., 10, 20-4 
1933). 
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pense. (3) They serve to stimulate the interest of 
the student of inorganic chemistry in the codrdination 
theory by demonstrating its proposals more completely 
and more understandably than can be done with black- 
board and chalk because they include the third dimen- 
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sion. (4) They show that not only position and ioni- 
zation isomerism, but also geometrical and optical isom- 
erism, exist in inorganic compounds, and correct a 
sometimes prevalent notion that these phenomena are 
peculiar to organic compounds. 





ELEMENTS of the QUANTUM THEORY’ 


IV. THE LINEAR HARMONIC OSCILLATOR 
SAUL DUSHMAN 


Research Laboratory, General Electric Co., Schenectady, New York 


HE motion of a particle of mass, », acted upon by 

a restoring force proportional to the displacement 

is defined by the differential equation, considered 

in Chapter II, of the form, 

2. 

uw + ke = 0 (8) 

where k& is a constant. The general solution of this 
equation, as shown previously, has the form 


x = VA? + B?-sin(wt + 8) (19) 


where w = Vk/u = 2, and vp denotes the frequency 
of vibration, while 6 is the phase angle. 

In order to describe the behavior of such a linear 
harmonic oscillator from the point of view of wave me- 
chanics, it is necessary, as a first step, to express the 
total energy, E, in the Hamiltonian form, that is, as 
a function H(p,q) of the coérdinates and corresponding 
momenta. Now, in this case, E, the total energy, is the 
sum of the kinetic energy, T = yu(dx/dt)?/2 and the 
potential energy 


x 
U =f kxdx = kx?/2. 


That is, 
kg? 


3 (107a) 


p? 


where p = u(dx/dt) = momentum, and q is used in- 
stead of x to designate the coérdinate of position. In- 
troducing the frequency of vibration, » = V k/y / 2r, 
we derive the relation 


E-U=E — kq?/2 = E — 2n**ug? ~— (1070) 


and therefore the corresponding Schroedinger equa- 
tion assumes the form 


* This is the fourth of a series of articles presenting a more de- 
tailed and extended treatment of the subject matter covered in 
Dr. Dushman’s contribution to the symposium on Modernizing 
the Course in General Chemistry conducted by the Division of 
Chemical Education at the eighty-eighth meeting of the American 
Chemical Society, Cleveland, Ohio, September 12, 1934. The 
author reserves the right to publication in book ferm. 

Problems correlated with the subject matter of this article 
a) found on this month’s Mathematical Problem Page (p. 


ae + S@# (£ — antago = 0 (1084) 
Let 
a = 8ryE/h? (109a) 
and 
b = 4ruvo/h (1090) 
Hence, we can replace (108a) by the equation 
d*p/dq? + (a — b%q*)e = 0 (1088) 
Let us introduce the new variable 
x = qVb = g2aV uhro/h (110) 
Since uhvp has the same dimensions as ywE in the ex- 
pression \ = h/*V 2uE, for the de Broglie wave-length 
of a particle having kinetic energy, E, it follows that 
Vb has the dimensions of a reciprocal length, and there- 
fore x must be a dimensionless quantity, that is, a pure 
number. 
Also from (110) it is seen that 


d/dq = Vbd/dx 


d*/dq? = bd?/dx?. 


and 


Hence, the S. equation (108) becomes 
2, 
at+(§ - x) ¢ = 0 (111) 

Now in order that ¢ shall have a physical significance, 
it is necessary to obtain such solutions of equation (111) 
as will permit ¢ to be finite and continuous for all values 
of x ranging from —© to +. While in the case of 
a linear harmonic oscillator, in ordinary mechanics, 
the particle may vibrate only between the limits x = 
+ V/ a/b (since at these limits the value of U, the po- 
tential energy, becomes equal to the total energy, £), 
there are no such limitations to the range of values of 
x in which ¢ may be finite. For, according to the prin- 
ciple of indeterminism, there is no correlation between 
simultaneous values of position and velocity; the parti- 
cle may be anywhere along the codrdinate axis x. 
But it is obvious that $¢, the probability of occurrence 
of the particle, as a function of x, must decrease con- 
tinuously to zero as the values x = + are approached. 
It .s the introduction of these ‘boundary conditions” 
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that is essential for the solution of equation (111). 
It will be observed that for values of x>V a/b, 
equation (111) assumes the form 
d*p/dx*? — x*p = 0. 
Writing this in the “operator” form, 
(D? — x*)p =(D + x)(D — x) = 0, 


it is seen that this equation is equivalent to the two 
first-order equations, 


do/p = +xdx, 


that is, 
d(Ing) = +d(x?/2), 


where In denotes logarithm to base e. 
Hence the complete integral is 


o¢= Aje*?/2 4- Age— *?/2 


where A, and A: are two arbitrary constants. 
P Since @ cannot increase without limit for very large 
absolute values of x, it is evident that A; = 0. 

We thus assume as a solution of (111) the relation 


@ = €—*/24(x) (112) 


where (x) is afunction of x, the nature of which must 


be determined from further considerations. 
From equation (112) it follows that 


- = —xe—2/2(x) + 212.0 
= —xd + e272 

dp x2 v dy 

= sie ate Mame: widek “tin ee we 


= —e-27/2-Y 4+ x%—x7/2-y — Qxe—x?/2 « 4 + e—*7/2. ov 


2 dp 
while qx 


= ¢—*?/2 \ 


ax? ox. + = iv} 


dx 

Since e~*’/? is not equal to zero (except for x = +), 
we obtain, by substitution of the value for d*/dx? in- 
dicated by (111) and (112), the equation to be solved 
in the form 


oh ae H+ (F-1)y=0 


dx? dx b aie 


Let us express ¥(x) in the form of a polynomial, 


V(x) = Gnx® +n 1x" ~14...4+a% +40 (114) 


If ¢(x), as defined by equation (112), is to vanish for 
% = + o, it follows that x"e~*’/? must also approach 
zero for large values of x. As x becomes infinite, x”, as 
well as «*/?, tends to become infinitely large, so 
that the value of the product x"e~*”? is indeterminate. 
If, however, we make x finite, that is, let the series in 
(114) have no powers greater than x", then it can be 
shown that x"e~*’/? will always decrease to zero as x 
approaches +, 

From equation (114) we obtain the relations 


air Hm Snags” + 2(n — Ian — x" -* + 2(n — Danae" 2 
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SY wm n(n — Laux” ~* + (w= Yl = 2)" eee, 

If we substitute these equations in (113) it follows, 
since this equation is valid for any value of x, that the 
coefficient of each power of x must vanish identically. 
This leads to the ‘‘recursion formula,” 


(115) 


(n+ 2)(n + Nang a+ (F — 1-20 Jan = 0 


The series will end with x”, if the coefficients a, + », 
dn + 4, etc., are each equal to zero, that is, if 


= 2n+1 (116) 


a 
b 
where 7 = 0, 1, 2, etc. 
It is evident that this deduction is analogous to that 
which was previously derived for the case of an elec- 
tron in a “‘box.”” The fact that (¢/b) may assume only 
those values corresponding to the series of odd inte- 
gers 1, 3, 5, etc., indicates that the S. equation (111) 
can have solutions which are physically significant 
only for a discrete series of values of the energy, E. These 
values constitute the characteristic energy values, cor- 
responding to a series of energy levels of the linear har- 
monic oscillator, and the corresponding solutions for 
¢, constitute a series of characteristic functions. 
Substituting for (¢/b) in equation (109) it is found 
that the energy of the oscillator may assume any one 
of the series of discrete values defined by the relation 


En = hvo(n + 1/2) (117) 


where E, is therefore the eigenvalue corresponding to 
the eigenfunction ¢,,. 

Thus, while in the older quantum theory, the energy 
states of the linear harmonic oscillator were found to be 
integral values of hy, the S. solution leads to an addi- 
tional term in the energy of value hy/2. From (117) it 
also follows that the frequency in the mth state is 


mr vo(n + 1/2). 


This result is in better agreement with spectroscopic 
observations than that derived from the older theory. 
Furthermore, equation (117) shows that the energy of 
a linear oscillator does not vanish at the absolute zero, 
but becomes equal to hy)/2, thus solving definitely the 
problem of the existence of a “‘Nullpunktsenergie.”’ 

We shall now proceed with the determination of the 
corresponding eigenfunctions. From equations (115) 
and (116) it follows that 


n(n — 1)an = —[2n — 2(n — 2) ]an—2 


= 2-2a, - 9 
and that 


(n — 2)(n — 3)dn—~2 = — [2m — 2(m — 4) Jan. 
= —2-27a, — 4 
whence we obtain the expression for y,, 


. i = ee 4 nln — 1)(n — 2)(n — 3)x"-4 
1-2? 1-2-24 wir 
(118) 





Wn = Qn [= 
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where a, is an arbitrary constant. 
Now in investigating various types of functions, 
Hermite, a noted mathematician of the 19th century, 
discovered a set of functions known as ‘‘Hermitian 
polynomials,” which are defined by the relation,* 
d"(e—**) 


io (119) 


A,(x) = (—1)"e?- 


where n = 0, 1, 2, etc. 

The expression defined by this relation is known as 
the mth Hermitian polynomial and is identical with 
(118) if we put a, = 2". The first five members of 
the series are readily determined. 


HAy(x) = (—1)%**e- 2? = 1. 
Hi(x) = (—1et AE) ae 


H,(x) = (—1yret (—2x-e-*!) = 4x? — 2, 


Hy(z) = (—1)tat- £ (ante — 26-1) 


= 8x3 — 12x. 
Hi(x) = 16x* — 48x? + 12. 


From equation (119) the following relations may be 
derived: 


dH,,(x) 
dx 


A, + 1(%) — 2xHn(x) + 2nHn ~1(x) = 0 
The last relation makes it possible to derive the higher 


members of the series from the lower members. Com- 
bining equations (120) and (121), it follows that 


Hn + 1(%) — 2xHn(x) + H'n(x) = 0, 
and differentiating with respect to x, 
H'nai(x) — 2Hn(x) — 2xH'n(x) + A"n(x) = 0. 


= H’,(x) = 2nHn-1(x) (120) 


(121) 


Hence, 
2(n + 1)HAn(x) — 2Hn(x) — 2xH', (x) + H"n(x) = 0 


That is, 
H",(x) — 2xH'n(x) + 2nHn(x) = 0. 


Evidently the last equation is identical with (113), 
if we put (a/b) — 1 = 2n. It is therefore seen that 
the functions H,(x) satisfy the differential equation 
(113). 

Thus the eigenfunctions which satisfy the S. equa- 
tion (111) are of the form 


on = e~ *?/2.H7,(x). 


We now have to consider the physical interpretation 
of these functions. As mentioned previously, ¢,¢,d% 
or ¢?,dx (since in the present case ¢, is a real function) 
defines the probability of occurrence of the particle in 
the element of distance dx at the point x. It follows 


that $'dx is a measure of the probability of occur- 


‘ 

* These functions and their properties are described more fully 
in the mathematical treatises of Courant-Hilbert and Frank.—v. 
MISES. 
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rence of the particle in the region x2 > x > x, and since 
the oscillating particle must certainly be located in the 
range, x =+o, it is necessary that we introduce a 
constant NV, such that, 


(1/N?,) fo es@ae = 1 


where JN, is known as the normalizing factor for the nth 
eigenfunction ¢,, and ¢,/N,, is designated the normal- 
ized eigenfunction. 

In order to illustrate the method used in determining 
the value of N, and also for the purpose of demon- 
strating the orthogonal properties of the eigenfunctions 
which satisfy the S. equation (111) it is necessary to 
introduce the values of certain definite integrals. 

In any standard table of integralst it is shown that 


. * eo atigin +1 dx = n!/2 (122a) 


(123a) 





fyesamax = 13... n= vx 

It will be observed that in the first of these integrals, 

x" + | changes sign with change of signin x. The func- 

tion «~*’-x* + | is therefore of the type designated as 

“odd,” and resembles the trigonometric function sin 
x. 

Thus the area under the plot of the function for the 
range x = 0 to x = ~— is positive, while the area for the 
range x = 0 to x = — o is negative, and consequently 
the total area for the range — © to +o is zero. That 
is 


f Senta +igx = 0 (1226) 

On the other hand, in the case of the second integral, 
the function «~*-x is always positive, whether x 
is positive or negative. The function is thus of the 
type designated as “‘even,’’ and resembles in this respect 
the function cos x. Consequently 


@o eo 
f e~**x2ndy = 2f, e~ Xx 2ndy 
—o 0 


13... (2 — 
Qn 


NV (930) 





By means of this equation and the expressions for 
H,,(x) following we derive the values: 


Ih = ts 7o(x)dx jis e—**.dy = Va = N% 


= a o24(x)dx = af” e~*.x%dx = 2 = NY, 


y= f° gsteds = f° eta — 2dr = 22Ve 


where No, Ni, N2 denote the corresponding normalizing 


factors. 
More generally, if we express ¢, in the form 


gon = €~ %7/2(anx” + Gn—2x" —? + 


+ For example, L. Silberstein’s ‘‘Mathematical Tables,” G. 
Bell and Sons, Ltd., London. 
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where d,, a, — 2, etc, are the coefficients in the power, 
series of the mth Hermitian polynomial, it is evident 


that 
Fe -{- $'n(x)dx = z f e~ *a,a,x" + *dx, 


where > denotes that the sum of the series of terms is 
to be taken for the range of values r + s = 2n, 2n — 2, 
and so forth. Hence, r + s is always even, and it 
follows that J, must always have a definite value, 


I, = N,? 


The value of NV, may be derived as follows: 
By definition, 


@ 
N,2 = f e~ **.H,2dx, 
— © 


where H, is written instead of H,(x). From equation 
(119) it follows that 
N,?2 = (—1)" | i a “— -dx 
d"- ign*; 
dx" 
result of differentiating the product H,u. 


Now let us put = u, and consider the 


Si 
—_ (Hu) = Ayu +l. H nt, 
ax 


we obtain by integration the relation 


Hu |" =Q= iM Hnu'dx + f- H',udx. 


That the first expression on the left vanishes is due to 
the fact that the presence of the term e~*’ in all the 
derivatives of this function makes u (and consequently 
uH,) vanish atx = +o, 

Combining the last relation with equation (120) it 


follows that 
f 7 H,nu'dx = 


© nle— x2 
(N= ff Hy *) ay 


_ —2n fi” Hy -1° 
= (—1)2-22-n(n — 1) i ie Hn-2° 


and by continuing the same procedure, we finally de- 
duce the relation 


(—1)*N,? = (—1)"-2"(n/) fs Hoe~ **dx. 


—2n f* Hi, —1udx. 


That is, 


d"— 1(e- d~ 1(e~ 2?) 
~~ dxe-t 1 
dn~ 3(e~ *?) 


dx"- 2 ° 


- dx 


That is, 


Nn? = (—1)%2"(n/) f ° dx 


= 2"-(n!)-x'/? (124) 


Figure 20 shows plots of the normalized eigenfunc- 
tions, that is, of ¢,/N,, for the values n = 0, 1, 2, 3, 
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FIGURE 20.—EIGENFUNCTIONS FOR LOWER ENERGY STATES 
OF LINEAR OSCILLATOR 


and 4. It will be observed that for 2 = 0, 2, and 4, 
the curves are symmetrical with respect to a change 
from positive to negative values of x (even functions), 
while for m = 1 and 3, the curves are antisymmetric 
with respect to such a change in sign of x. Excluding 
the nodes at x = + o, the number of these is equal to 
n in all cases. This arises from the fact that H,(x) is 
a polynomial in x”, and may therefore be expressed in 
the form (x — a,)(x — a) (x —a,). Conse- 
quently H7,,(x) must have x roots, that is, » points along 
the axis of x at which H,(x) = 
We shall now consider the integral 


- f wre f ° 6-H, Hndx 


where m 1s not equal to n. 
Assume n = m-+ p. Then we can nile to calcu- 
late J,,, aS in the case m = n, and we shall obtain the 


result 


Inm = ia bm +pbmax = feo #Him + yHnds 


an f ° Hye-s'dx. 


where K is a factor involving 2? and the product n(n — 
1)....(” — m). Now from equation (119) it follows 


that 
| = re oe x 


and it is evident that the differential coefficient 
d*(e—**) /dx? will consist of a series of terms of the form 
a,x’e~** where r has the maximum value #, and the 
signs of the coefficients will be alternately plus and 
minus. If p is odd, it is evident from equation (122b) 
that the integral J,,, will be equal to zero. If p is 
even, it is not self-evident that the same result will 
be valid, and a more elaborate proof is required (see 
Appendix I). However, the result may be demon- 
strated by an actual calculation for two of the simpler 
cases. 

Thus, let us consider the product ¢:¢3. From the 
values of the corresponding Hermitian polynomials, it 


is seen that 
a didsdx = 8 . e—**(2x4 — 3x?)dx 


16-3 x ~ ae 
oe = 0. 
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Similarly, 


f 2 ota - ‘f e~*%(4x2 — 2)(16x* — 48x? + 12)dx 


= : (64e~**-x2 —224e-%%-x2 4+ 144e-2%x2 —24e-2*)dx 


4 OD ce wg 


_ 6413-5 224-13 
2 


28 2? 





That is, the value of ¢,¢,, alternates between positive 
and negative values, as may be seen by inspecting the 
curves shown in Figure 20, with the result that /J,,, 
= 0. This deduction may be stated in the generalized 
form that the solutions of the Schroedinger equation form 
an orthogonal set of eigenfunctions. As mentioned in a 
previous sectign this conclusion is valid for the solu- 
tions obtained for the S. equation in all cases, and 
may be demonstrated to be a logical consequence of a 
very fundamental mathematical theorem. In a sub- 
sequent section it will be shown that this property of 
the solutions of the S. equation is of extremely great 
importance in dealing with a number of problems which 
arise in quantum mechanics. 

We shall now consider further the interpretation, on 
the basis of wave mechanics, of the behavior of a parti- 
cle which, according to classical mechanics, executes 
harmonic vibrations with frequency ». 

From equation (110) it is observed that in terms of 
q, the actual displacement, the dimensionless variable 
is defined by the relation, 


x= qvb = 2rgV pv0/h. 


In classical mechanics, the maximum amplitude of 
oscillation is given by 


A E 
ge Vio 


as is evident from equation (1070), since for this value 
of g E — U = 0. Substituting for E from equation 
(119) and using equation (110), the corresponding maxi- 
mum va'ue of x is found to be 
x = Va/b = V2n +1 
Hence, the motion of the oscillating particle, from the 
classical mechanics point of view, would be given by 
the relation 
x = V2n + 1-sin(2xf), 
showing that x oscillates between + V2n + land 


—V 2n + 1. 

From this it is possible to calculate the probability 
Pdx that the particle will be found between x and x + 
dx.* Since Pdx is proportional to the element of time, 
dt, required for the particle to pass from x to x + dx, 


Pdx = Adt 


where A is a constant which satisfies the condition that 


{> Pdx = 1 ‘ 
—X0 


* The following remarks constitute an amplification of the 
calculation given by Condon and’ Morse, p. 51. 


(125) 


(126) 


(127) 


From equation (126) it follows that 


dx = +/2n + 1-2xv,cos(2xvnt)dt 
= Qavn(V/ 2n +1 —- x?) dt. 


je Adx 
Qavn V/2n +1-—- x2 





Adt 


Introducing equation (127), according to which 
V2n+1 
Adx 7 
Qn 20 +1 — x? 
—V2n+1 





it is found that 


and that therefore 
dx 
arV2n +1 — x? 


This result shows that P increases from 1/ (Cavs 2n + 1) 
atx =Otowatxr=x% = V2n + 1. On the other 
hand, S.’s solution leads to finite values of ¢, even for 
values of |x| > |x|. That is, ¢,? has a definite value 
even for values of x (or q) which are forbidden by classical 
mechanics. 

In the region outside the classical limits, the poten- 
tial energy, U, is greater than the total energy, Z, and 
hence the de Broglie wave-length is imaginary. From 
the S. equation (111) 

ap 
= ie 


Hence for x = % + V2n + 1, d*@/dx? = 0, which 
shows that this constitutes a point of inflection. For 
values of |x| > |x|, @ decreases continuously without 
exhibiting any nodes and, as mentioned previously, 
for very large values of x, ¢ varies as e~*’/’, that is, 
decreases rapidly without increase in x. 

Plotting the values of ¢?,/N?, against x, a series of 
curves such as those shown in Figure 21 is obtained, 
and designated by A. (The significance of 1/N,? con- 
sists in the fact that it makes the area under each of 
these curves equal to 1/2. Since similar curves, sym- 
metrical with respect to the $?-axis, may be plotted for 
negative values of x, the fofal area under the curve giv- 
ing ¢?/N? as a function of all values of x is equal to 1.) 

The curves designated by B in Figure 21 give the 
probability distribution function as calculated from 
equation (128), that is, according to classical mechan- 
ics. The difference in results derived from 'the two 
points of view is due, as emphasized in the remarks on 
the “tunnelling effect,’’ to the complete lack of associa- 
tion in quantum mechanics between position and ve- 
locity. That is, we have here another illustration of the 
application of the Principle of Indeterminism. 

That the probability for the occurrence of the oscil- 


lating particle in the region |x| > |~/2n + 11 is con- 


Pdx = (128) 





- -x)¢ = —(2n +1 — x*)o. 
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FIGURE 21.—PROBABILITY OF OCCURRENCE OF OSCILLAT- 
ING PARTICLE ACCORDING TO QUANTUM MECHANICS 
(Curves A) AND ACCORDING TO CLASSICAL THEORY 
(CurvES B) 


siderable, is readily shown by calculating the value of 
(2/N?) f. "dx in the case of the first characteristic 


function, ¢) = ¢€~**/2, corresponding to E = hy/2. 
Here we find (since x) = 1), 


(2//z) a." dx = 


That is, there is a 15.7 per cent. probability that the 
particle will occur in the region for which the potential 
energy exceeds the total energy. 


0.1573. 


DETERMINATION OF AVERAGE VALUES 


A problem which is of interest in many cases is the 
determination of the average values of the coérdinates 
(designated by gq) or of the corresponding momenta 
(designated by ~). The relations used for calculating 
these values in quantum mechanics follow readily from 
equations of a similar nature which have been derived 
in ordinary mechanics for calculating the center of 
gravity of a body. 

Thus, let us consider the case of a rod of uniform 
cross-section and given length, but of variable density, 
p, so that p = p(x) is a function of x, the distance 
from one end. Let xo denote the codrdinate of the 
center of gravity. The moment of any element, dx, 
about the center of gravity is given by the product, 


mass of element X distance = pdx-(x — xo). 


Now the center of gravity is that point about which 
the total moment of all the forces acting on each element 
is zero. Hence, if / = length of rod, 


1 
0= I p(x — xo)dx 


uy 
pxdx 


foo 
" aieead 


For example, if p = pox, that is, if the linear density 
is proportional to the distance x from one end of the 


(129) 


xo = 
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rod, then 


= aa = 
Po xdx 
fb 


Similarly, in the case of two codrdinates of position, 
the coérdinates %,) of the center of gravity are given 
by the relations: 


i S S pxdxdy _ S S eydxdy 


eS lees = S S vdxdy 


where p = p(x, y) and the integration is carried out 
over the whole area of the surface under consideration. 
It is evident that in all cases the denominator corre- 
sponds to the total mass. The extension of these equa- 
tions to three dimensions is obvious. 

Now in quantum mechanics, the magnitude $4, or 
¢’ (in cases of real functions), is a measure of the rela- 
tive concentration or density at any point, per unit 
length, per unit area, or per unit volume (depending 
upon whether ¢ is a function of one, two, or three vari- 
ables, respectively). Consequently, the average values 
of variables are given by formulas similar to those de- 
rived above, in which p is replaced by ¢? (or ¢¢). In 
the case where ¢ is a function of x only, the average 
values of x and p, the corresponding momentum, are 


given by the relations, 
Pa q oxgodx 


Xav. = i 
f oodx 


o - 


fo seeas 
Pav. = — 


In the case of normalized eigenfunctions, the denomina- 
tor is equal to unity, corresponding to the physical in- 
terpretation that the total concentration is to be taken 
as the standard of reference. 

It will be observed that in equation (132) ¢p¢ has 
been written instead of ¢¢p. The reason for this is 
evident when we remember that in quantum mechan- 


(130) 


(132) 


ics p has the significance of the operator, p = 


This interpretation of p has been presented more fully 
in a previous section [see equation (51) ]. 
Hence, 


while é@p has no physical significance. That is, p and 
@ are non-commutative symbols. On the other hand, 
x and ¢ are commutative, so that we could write $¢x, 
but it is customary to write the product in the form 
given in (131) in order to preserve the analogy with 
(132). 

As an illustration of the application of these equations 
let us consider the following problem. Given the state 
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of a system of particles represented by the eigenfunc- 
tion, 


o= Aciax + Be iax, (133) 


what are the average values of x and of the momentum? 

The physical interpretation of the two terms on the 
right-hand side of this equation has been considered 
already in Chapter II, so that the following remarks 
merely supplement the previous discussion. 

Let us now apply equation (131) to each term in 
equation (133). For the first term 

f ° AAxdx Adzt] 

tay, = = == =0, 

fia * AAdx 2ad {/ & 
which may also be deduced from the fact that x changes 
sign in passing from x = — through x = 0 to x = 
+o, and that therefore the area under the line y = 
AAx and the axis of x for x = 0 tox = o cancels the 
area forx = —o tox = 0. 

Similarly, xay. for Be-‘** is found to be equal to 
zero. That is, the function ¢ in (133) represents a 
state in which there are just as many particles on one 
side of x = 0 as on the other. 

For the term ¢'**, the average momentum is given 
by 


eo 





€~ tax p-¢iax = os -e7 tax. ¢ (e#ax) 


hea 
~ Qa 

Similarly, for the term e~ '**, the average momentum 
is found to be —ha/2r. 

In the case of the function ¢, defined by equation 
(133), the average momentum is obtained from the 
relation 
CPi + Co-po 

a + C 
where c, denotes the concentration per unit length of 
particles with momentum /;, and c; the concentration 
of particles with momentum p. In the present case 
¢, refers to the particles possessing momentum ha/(27), 
and ¢, refers to those with momentum —/ha/(2z). 
The values of the concentrations are given by 


|AI?; c= [BI 


Pav. = 


a = Acax.4e-iax = 


Hence 
_ |Al? — |B)? (ha) 


Pav. = IA[? + |B)? On (134) 


From this result it is evident that the sign and magni- 
tude of pay. is governed by the relative magnitudes of 
|A|? and |B\?. 

As another illustration we shall determine average 
values of x and of p in the case of the linear harmonic 
oscillator. In terms of the normalized functions, 


tay. = (1/7) La * PEP, (x) ate 


Now e~* H?, is always positive, so that the product 
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of this function with x changes sign at x = 0. Hence 
the integral vanishes. That is, there is an equal like- 
lihood for the occurrence of the particle on either side 
of the origin. 

Again, 


Pav. = (1/N?,) f e~ **/2H, (x) sy . Fp [<-s22n.() Jaw 


But 


Hence 


_ hkhvb tf? _ | er : 
Pav. = oni N?, e #/2H n(x) T [: */2Ha(x) | dx. 


Now 


£ [e~ **/2H,(x)] = H’n(x) -€72*/2 — xe~**/2H, (x) 


so that the expression to be integrated is 
e~ **(H,(x)-H'n(x) — xH?,(x)]. 


It is evident that each of these terms in this expres- 
sion is an odd function. For, if H,(x) is a polynomial 
of the form a,x*, H,,’(x) must be of the form a,kx*-'. 
Consequently the product, H,H’,, will consist of a 
series of odd powers of x, while xH*, must be an odd 
function for the reason mentioned in discussing the 
value of xay, Therefore pay. must also be zero. 

That is, 7t is not possible to perform any experiment 
by which either the position or velocity of the oscillating 
particle may be determined at any given instant. 

The argument by which this conclusion was derived 
was essentially to the effect that in both cases the ex- 
pressions to be integrated contained odd powers of x. 
It is therefore evident that the average values of gq? 
and p? will not vanish. 

In calculating the latter, it should be observed that 
the operator p refers to the codrdinate of position gq, 
so that 


_d@ _hvb.d 


2Qnt dx 


By definition of the average value, as given in equa- 
tions (131) and (132), 


nay, = (1/N%) f ° -xtxtH?,(x)de (135) 


Dav. — 


~~ A? N2, 


hb fo _ a 
€ /2-Hy(x) T (e-#/2H a(x} Je (136) 


The exact calculation of these integrals in the general 
case involves more elaborate methods than those that 
may be discussed in the present connection. However, 
it is possible to carry out the calculation for the case 
H(x), that is, the zero energy state, for which the energy 
Eo = hy /2 and Ho(x) = 1. Substituting in equations 
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(135) and (136), we obtain from equation (123d) the 


1 © 
- af. e—**. x%dx = 5 (137) 


relations, 


= ~ = ° gnat/2(enat/2 — xtem2"/2)dx 
Tr —o 


“8 (v-¥) 


_ bh? _ h?-4r*uvo 
= 5a" pac from (109d) 


aa vies = pK» 

According to classical mechanics, the kinetic energy 
of the oscillating particle is T = p?/(2u), and this varies 
from T = 0 at the limits of vibration to T = Ey when 
passing through gq = 0. Consequently, the average 
value of T is E)/2, and as will be observed from equa- 
tion (138), the average value of p?/(2u) on the basis of 
wave mechanics is found to be equal to E)/2, as in the 
classical case. a 

Since x,y. = 0.5, it follows that V x*a,. = V0.5 = 
0.707, where |x| = 1 represents the maximum ampli- 
tude of vibration. 

In connection with the calculation of probabilities of 
transition from one energy state to another, it is neces- 
sary to calculate the integral 


1 ) 
Inn = (ac) J ontnsn 


where ” and m refer to two different states for which 
the energies are E,, and E,,, respectively. The integral 
in (139) is known as a matrix component integral, be- 
cause it is of fundamental importance in the type of 
quantum mechanics introduced by W. Heisenberg 
which has been designated as matrix calculus. There- 
fore, the physical interpretation of the integral will 
be discussed in a subsequent chapter. However, it 
is of interest to consider these integrals in the present 
connection. 
In terms of Hermitian polynomials, 


I’ = InnNnNn = f ° 6-21, (x)-Hn(x)xdx (1390) 


(138) 


(1392) 


Since 


Sf (¢*HyHy) = — 26H Hy + €**(HuH'm + Hn’), 
we can, by repeated application of the standard for- 
mula for integration by parts and cancellation of iden- 
tical terms of opposite sign, write 

2I' = ~¢*-HaHn | ae f HH’ ndx + { eH, H nde. 
(For convenience we shall omit the limits of integration 
in writing the integral.) 

Since «~"H,(x) vanishes at x = 

term on the right-hand side disappears. 


+o, the first 
Also, accord- 
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ing to (120), we may replace H’,, and H’,, respectively, 
by the expressions 2mH,, - ; and 2nH, -1. Hence we 
derive the relation 


ren (~-km, “+s f "HH, — dx (140) 


Now, as stated previously, the functions ¢, = e~*’/?H, 
form an orthogonal system, so that for n ¥ k, 


f ondidx = f eH, Hidx = 0. 


Therefore, the integrals in (140) will each be equal 
to zero, unless 


n=m-—1,thatiim=n-+1, 


m=n—l1. 


In other words, J,,, has a definite value only if 
m differs from n by +1or —1. The physical interpreta- 
tion of this conclusion is that in the case of the linear 
harmonic oscillator the only possible transitions are 
those between adjacent states, for which therefore AE = 
+ hy, since E = (m + 1/2)hy, and m can change only 
by +1. 

Let us consider the case m = n + 1. 


o Me fe - 
. “Nn+iNn ane 


Using equation (124), we obtain the result 


Invin = fBth 


Similarly, it follows that 


Inn 1 = NE 


APPENDIX I 


PROOF THAT SOLUTIONS OF SCHROEDINGER EQUATION 
ARE ORTHOGONAL 


Then 


Nn(n + 1) 


In i 


For the case in which the S. equation is expressed 
in terms of a single coérdinate variable, the proof that 
the solutions form an orthogonal system is as follows. 

Let us consider the S. equation of the form 


q 4 RE — Vy =0 o) 


dx? 
where k? = 81?y/h?. 

Let y,, and y, denote any two solutions valid for the 
range x = —~ tox = +, and let E,, and E, denote 
the corresponding eigenvalues, which are not identical. 
In the general case y,, and y, will be complex functions, 
so that in order to obtain a real magnitude we must take 


the product VnWn or Vane 
In consequence of (i), we have the two relations, 


On +. 1, — Vie = 0 (i) 


dx? 


Fo + IE, — Vin = 0 (iii) 


dx? 
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If we multiply the first of these equations by y, 
and the second by y,,, and integrate between the limits 
% = +, we obtain the relations, 


f ow ee f (En — VWvmdadx = 0 (iv) 


f Ynb" dx + f RUE, — VWnbndx = 0 (v) 
Dns 


ee and similarly for y’,. 
x 
Subtracting (7v) from (v), the term involving V 


cancels out, so that 


Soni". =r Yrm”)dx + R*(En —_ En) Jf vniade = 0 


where y”,, = 


(vt) 
Now ‘ 


rs , ear ee hope 
dq Yah m) = val" 1b W'nh'm 


d oe ee i” Lop? 
dx (Wm'n) = ny n + nb’ 
Hence 
Soni". Sec Yaw" max = fi (Um¥'n = Va'm)dex = 
(Ym¥'n ma Vad'n) | 7 =0 


since y,, and y,, as well as their differential coeffi- 
cients, all tend to become equal to zero as the limits 
are approached. 
Consequently equation (v) reduces to the relation 
(En — Em) f Yminde = 0 (vii) 
Since k? is a finite quantity, and E, is not equal to 
E,,, it follows that 


f ” Vmvndx = 0 


That is, any two eigenfunctions corresponding to two 
different energy states are orthogonal. 

The use of the designation “orthogonal” is due to 
the analogy between relation (vii) and that which ex- 
presses the condition that two vectors shall be at right 
angles. Thus wecan represent a momentum p = wz, in 
both magnitude and direction, by a straight line of 
length p (a scalar magnitude) which is drawn with re- 
spect to the three rectangular axes of codrdinates in 
the direction of motion. The line thus drawn consti- 
tutes a vector. Let 9,,0,, 0, be the angles between 
this line and the three axes of codrdinates. Then the 
components of momentum along the three axes are 
given by 


(viiz) 


Pz = Pp cos 0, 
Py = pcos 0, 
pb: = peos 9, 
so that 
pb oe by aa P*. = Pp. ‘ 


Now suppose we have another vector, P, with com- 
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ponents P, = P cos 7,, etc., where n, is the angle be- 
tween the vector P and the axis of x. 

Let ~ denote the angle between the two vectors p 
and P. Then, it follows that 


cos ¢ = cos 9;:cos 7z + cos Oy.cos ny + cos O;.CcOS 7:2. 


Consequently, 
PP cos ¢ = prPz + pyPy + dP. 


The product on the left-hand side is a scalar magni- 
tude. In vector notation this is written p-P and is 
known as the ‘“‘dot product”’ of the vectors. 

In order that the two vectors shall be at right angles, 
it is necessary that ¢ = 7/2, andthatcos¢=0. Hence, 
the condition for the orthogonality of the two vectors 
is the relation 


p:P: + p,P, + p.P: = 0- 

If now we assume a space of say m dimensions and 
consider two vectors in this space, each with m com- 
ponents along the -axes of codrdinates, the last equa- 
tion becomes 


DB PePi = 0, 


where & has all values ranging from 1 to m, and 2 de- 
notes the sum of all these products. By extending 
this argument to a space of an infinite number of di- 
mensions, and regarding ¢,, and ¢, as vectors in this 
space, equation (viz) follows logically. 


APPENDIX II 


The curve for ¢o(x) = ¢~*’/? is essentially the same as 
the Gauss error curve, which is ordinarily expressed in 


.e~"** (see Mellor’s “Higher Mathe- 


the form y = = 


matics’). In this expression / corresponds to the 
absolute measure of precision, and x is the magnitude 
of the deviation from the mean value. Thus y is a 
measure of the probability of occurrence of a deviation 
of magnitude x. 

The probability integral is given by 

2h * 
P=- 

Va J0 

For h = 1, the integral is known as Gauss’s Error In- 
tegral, or the “erf’’ function, and is designated by 


@(x) = = yi <—#* de, 


The following table gives values of this integral for 
different values of x, as taken from L. Silberstein’s 
‘‘Mathematical Tables.”’ 


Sz [i ee as S foen# ae 
x VT J0 VE Sx 

0 1? 
0.7237 
0.4795 
0.2888 
0.1573 
0.0339 
0.00002 


e —h?x? dy, 


25 0.2763 
0.5205 
0.7112 
0.8427 
0.9661 
0.99998 











TRENDS wm CHEMICAL EDUCATION 


P. M. GINNINGS 


Greensboro College, Greensboro, North Carolina 


Research Council and associated workers for their 
careful and comprehensive census of graduate 
research students in chemistry and chemical engineering 
which has been published yearly for the last decade.! 
The purpose of this paper is to enhance the value of the 
census by presenting these data in certain specialized 
graphical forms which facilitate some general statistical 
analyses. The author hopes that the accompanying 
graphs will aid the reader in obtaining a general idea of 
the trends that seem to be present in the detailed census 
and which might not be so apparent otherwise. 
Liberal use has been made of a favorite tool ei stat- 
isticians—the logarithmic function graph, sometimes 
called the ‘‘ratio graph.’”’ This type is especially useful 
when the analyst wishes to compare statistical data of 
widely different arithmetical magnitudes, as equal 
relative changes in the data result in curves with equal 
slopes, regardless of the absolute figures. Perhaps the 
reader should be reminded that absolute heights in 
these logarithmic curves should not be considered un- 
less the vertical scales are carefully kept in mind; only 
slopes should be compared. In Chart III, a derived 
function type of curve has been constructed by plotting 
the logarithmic rate of change (rate of increase or 
decrease) against the time. This increases the accuracy 
of the visual examination of the curves in Chart II and 
magnifies the trends. 


jr MUCH credit cannot be given the National 


WITH REFERENCE TO CHART I 


Annual output of Ph.D.’s in all subjects in the last 
decade has steadily increased. The annual output of 
Ph.D.’s in chemistry alone has shown an irregular but 
general increase during this same decade. From 1924 
to 1928, the rate of increase of Ph.D.’s in chemistry 
alone has been less than the rate for Ph.D.’s in all 
subjects. Since 1928, the rate of increase of those in 
chemistry has been approximately the same as the rate 
of increase in all subjects. The total number of gradu- 
ate students in chemistry increased rapidly to a maxi- 
mum in 1932. 


WITH REFERENCE TO CHART II 


Separation of the composite group of graduate 
students in chemistry into the two contributing 
groups—the Masters and Doctors groups—reveals that 
the adverse economic conditions have really only 
halted the rise of those working for the Doctorate in 
chemistry; no significant decrease has been evident at 
any time. As a contrast, the Masters group has ex- 





1 HuLL AND WEsT, J. CHEM. Epvuc., 12, 339 (July, 1935) and 
previous reports. 
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hibited a greater sensitivity to the depression. A 
small decrease in 1932 was followed by a serious de- 
crease in 1933 but 1934 brought a stop to this decline by 
showing a slight increase in the candidates for the 
Master’s degree. The rapid increase in the number of 
the faculty members in chemistry during the period 
from 1927 to 1930 has been followed by a much slower 
but generally consistent rise from 1930 to date. 
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WITH REFERENCE TO CHART III 


The maximum rate of increase of students working 
for the Doctorate occurred in 1929. The same was 
true of the Masters group. Secondary peaks in the 
rate of increase curves occurred in both the Doctors and 
Masters groups in 1931. Both groups exhibited maxi- 
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mum rate of decrease in 1933 when the low points of 
both curves were reached. The reversal in the slopes 
of the two curves indicates the recovery that occurred 
in graduate student registration in chemistry in 1934. 


* * * 


Of course, some of the above conclusions are more or 
less evident from general observation without recourse 
to statistical analysis, but perhaps some of the trends 
have not been so apparent to the average observer. 
As for the future, it would seem that the highly trained 
graduate in chemistry will have an even greater ad- 
vantage than he has had in the past. 
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CORRESPONDENCE 


REVIEW OUTLINES OF ORGANIC CHEMISTRY 


To the Editor 
DEAR SIR: 


Organic chemistry, assumed its réle as an independent 
branch of the science a little over one hundred years 
ago. Since that time synthesis after synthesis has been 
developed, and new compounds have been added by 
the thousands. As a result, the beginning student in 


organic chemistry is apt to find himself, as it were, in 
a wilderness of prolific growth with no adequate and 
concise guide book to direct the way. 

The function of a course in organic chemistry is to 
fill just such a need. Lecture courses are designed to 
differentiate between essentials and non-essentials. 
They aim to sift the fundamental organic chemistry of 


today from the mass of less important material. Such 
courses strive to give the student a perspective of a 
field in which certain well-defined landmarks are evi- 
denced. 

It has occurred to the authors, however, that the 
lecture course, as conventionally conducted, often de- 
feats this purpose. Not infrequently such courses re- 
quire the student to occupy himself feverishly through- 
out the entire period with the recording of numerous 
and disconnected annotations. During this confusion, 
the instructor is trying to clarify the issue under consid- 
eration. He endeavors to build up certain associations 
and correlations that will permit a definite organiza- 
tion and orientation of the material in the student’s 
mind and thus minimize the tendency merely to memo- 
rize isolated facts. The net result of these two opposing 
influences is that the average student frequently leaves 
the lecture with nothing more than a few pages of un- 
intelligible notes. He has actually retained little or 
nothing with respect to explanations, interpretations, 
and correlations. ‘ 

The authors are cognizant of certain arguments in 
favor of such joint exercises in mental and physical 
gymnastics, but they are also convinced that the teach- 


ing of organic chemistry could be accomplished much 
more esthetically and effectively by the use of an ade- 
quate review outline of organic chemistry. Such an 
outline would, for the most part, obviate the necessity 
of taking notes and the student could concentrate on 
the content of the lecture. This outline would serve 
as the basis for review work. 

With this in mind, the authors of this communica- 
tion have prepared a preliminary draft of ‘Review 
Outlines of Organic Chemistry” to be used as a supple- 
ment to the regular textbook. The plan calls for a brief 
and readable outline of general usability. The out- 
line now in use by the authors has been tested for a 
number of years, and the results seem to warrant more 
general use of such outlines. 

In order that this review outline may represent the 
general trend in the teaching of organic chemistry and 
may, therefore, meet the general need, one hundred 
copies of this outline will be available on or before Sep- 
tember first to a corresponding number of teachers of 
organic chemistry who may wish to codperate in this 
project. Those instructors who elect to codperate 
will be rated as assistant editors and will share in the 
meager royalties accruing from the publication. 
Those desiring to codperate in this project are most 
cordially invited to communicate with the authors at 
an early date. 

The completed volume should contain about two hun- 
dred pages of outline material, and should retail for 
about seventy-five cents. 


Very truly yours, 


Cuem. Dept., PURDUE UNIVERSITY 
West LaFaYETTE, INDIANA Ep. F. DEGERING 
CuHem. Dept., PURDUE UNIVERSITY 
WEstT LAFAYETTE, INDIANA R. E. NELSON 
Oxn10 NORTHERN UNIVERSITY 


Apa, OHIO J. R. Harrop 





MATHEMATICAL PROBLEM PAGE 


Directed by EDWARD L. HAENISCH 


Montana State College, Bozeman, Montana 


PROBLEMS 


1. Hermitian polynomials are often defined by the 
equation: 
a9 n—2 
Hits) = (n — 1)(2x) 
1 
n(n — 1)(n — 
* 1-2 


(2x)" — * 





2)(n — 3) 
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Show that this definition is equivalent to the one 
given in equation (119), p. 383. Obtain the value of 
Ai;(x). 

2. Use the above definition of the Hermitian poly- 
nomial to prove equations (120) and (121), p. 383. 

3. Show that ¢,(x) = e~’/?- H,(x), form = 1,isan 
actual solution of the S. equation used at the start of the 
article: 

4 da 
a 

This demonstrates that the form determined from the 
arbitrary, ¢ = e~*’/* ¥(x), actually satisfies the original 
equation. ; 

4. Trace the curve corresponding to ¢o, 7. ¢, y = 
dg. = e~*’/? (4x2 — 2). (Hint: Refer to the Problem 
Page for May in which ‘‘curve tracing’’ is discussed.) 
By what factor does the curve you have obtained differ 
from the one for nm = 2 in Figure 20, p. 384? Why was 
this factor introduced? 

5. Evaluate the integral, (1 e-“dx, by the ex- 
pansion of the function into a series and the subsequent 
integration of each term. 

6. Find the center of gravity of a hemisphere whose 
density varies as the distance from the base. 


ae ae (E — 27u2ug?) d= 0 


SOLUTIONS TO PROBLEMS IN JULY ISSUE 
x si (z =) in * cos” 
(a) Leta = B= 3° From (1),* sin 3 +5 = sin 5 COs 5 
x 
+ sin 5 cos 5 or sin x = 2sin 5 cos 5 
x 


(b) Leta = B =- 


From (2) cos (2 = = cos*= _ sin?= 
2° , o* ar 2 2 


x x 
Since cos? 5 + sin? 5 = 1, we have cos x = cos? 5 - 


~ 


x 
( — cos? *) or, 2 cos? Na 1 + cos x. 


(c) Ifx = a+ Band y = a — B, we havea = !/2(x + y) and 
6 = 1/.(x — y). From (1) 
sin x = sin 1/2(x + y) cos 1/2(x — y) + cos 1/2(x + ¥) sin !/2(x—¥) 
sin y = sin '/2(x + ¥) cos 1/2(x — y) — cos #/2(x + y) sin '/2(x —y) 





sin x + sin y = 2 sin 1/2(x + y) cos !/2(x — y) 


* This number refers to a formula given on the July page. 


2. 


4. 


Let a = 8B = x. From (2) we have: 
cos 2x = cos*x — sin®x 

= cos’x — (1 — cosx) 

1/o(cos 2x + 1) = cos?x 


since, sin’x + cos’x = 1. 


Thus - cos’xdx = 1/5 f, ‘ (cos 2x + 1) dx 


= a sin 2x] +5], 73 


for sin 0 = sin 2x = 0. 
In a similar fashion sin’x = 1/,(1 — cos 2x) and the inte- 


gral also evaluates to 5 


Using (5) 
sin mx cos nx = 1/2 sin (m + n)x + 1/2sin (m — n)x 


and a sin mx cos nxdx = 1/2 : sin (m + n)xdx + 1/2 


T 


dor iar ees aoe 
. sin (m — n)xdx = rangi cos (mmx | 


; (m —n)x |" 
2(m — n) COs (m n *] 
=-1+1-1+1=0. 
The other integrals can be handled by a like procedure. 


=e 


oa = 2Ai sin ” i = —2Ai sin . 


i 


oaba= 4A? sin? a 


2 sg Ex 
4A fi i q 
22 ff (1 - cos 2") ax = 


2 
=a 


As in problem 2, 


4A2 44? (« a a. aner\ |’ 
2. 2mr d 0 


re 24 g = 1, then 2d « V2 
2 d 


If ¢ = Aeia* + Be-iax 


4 _ jaAciat — igBe-iat 

dx 

adh ask xg . es 
— = —aq2*Aeiax — qg?*Be— 10x = —a?®(Aetax os Be tax) 
dx? 

Substituting in the differential equation: 


—a?(Aeiax ae Be- tax) + — wr f E(Ae‘#* + Be-ia ) =0 


2 
a. 


h2 


a= — 2 Vuk 


tna “2 oe nile Min age 


whent = 0, N = Noor C = In Np. Thus In © = —yt 
0 
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N = Ne ~™'; dN = —yNoe~Vdt. 
Using the formula for average life, 


ane Nee ay tem 
r- f= y J, te Mat. 
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A table of definite integrals gives, f xme— ex dy = —— 
0 a” +1 


Form = landx =i,r = -~y-to : 
Y 





GAMES FOR A CHEMIST’S PARTY 
WILLIAM E. CALDWELL 


Oregon State College, Corvallis, Oregon 


TWO games which have been found entertaining 
and somewhat instructive, and which are especially 
suited for a social gathering of chemists, are herewith 
described. 

One game might be termed ‘‘chemical lotto”’ as it is 
an elaboration of the older game. Chemists not 
familiar with the game of “lotto” may have knowledge 
of the card and kernel games of “bingo” or ‘‘keeno”’ 
as played at carnivals or fairs. A list of about one 
hundred chemical formulas having corresponding 
chemical, mineralogical, historical, or trade names is 
chosen. The names are written on small pieces of 
cardboard and placed in a container to be drawn from. 
Assorted formulas are printed into ruled squares on 
pieces of cardboard or stiff paper about 3” xX 6” in 
size. A sample card is shown in the accompanying 
diagram. Twenty or more such cards are prepared 
from the one hundred formulas. 

Each player is furnished with a card and a number 
of suitable markers. A caller draws from the name- 
cards in the hat and calls the names of the substances 
written thereon. Each player having the counterpart 
formula puts a marker over this formula on his card. 
When a player fills a row of five with markers, he 
makes himself heard, and has his card checked. He 
may then be declared the winner. The cards may be 
made more or less difficult according to the breadth 
of chemical knowledge of the chemist players. 

The counterpart names chosen for the formulas on 








CH; 
~ 
CH: cH; 





OH 
( )OH 


wr, 


CCl3-NO; 























the card illustrated may be: chloramine, red lead, 
calcite, pyrolusite, ytterbium, laughing gas, lunar 
caustic, mesitylene, sylvite, cyanamide, prussic acid, 
brimstone, catechol, sulfuryl chloride, chloropicrin. 

A second game which has been found amusing, and 
which is not original with us, is “chemical dice.”’ 
Symbols of metals may be placed on the faces of each 
of three wooden cubes, each face having one symbol. 
Symbols for non-metals or non-metallic radicals are 
placed on faces of three other cubes. The six dice are 
rolled some given number of times and the player tries 
to match up top faces to obtain molecular formulas. 
Fun and trouble for the player may be caused by 
putting symbols of rare gas or rare earth elements on 
some facets. Sub-numerals to cause valence difficulty 
may be used beneath symbols. 





SAN FRANCISCO MEETING OF THE DIVISION OF CHEMICAL EDUCATION 


The program for the Division at the San Francisco meeting of the A. C. S. will occupy two sessions. 
will be some ten or twelve papers, largely featuring contributions by our western members. 


There 
One special event will 


be the award of the High-School Chemistry Prize of the American Association for the Advancement of Science. 
The trophy will be formally presented to tht winning high-school team. 
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KEEPING UP WITH CHEMISTRY 


Antiscorbutic value of alfalfa. L. F. Levy anp F. W. Fox. 
Biochem. J., 29, 884-8 (Apr., 1935).—Alfalfa is an excellent 
source of vitamin C. The concentration in the average leaf is 
about four times that found in citrus fruit juices. This was indi- 
cated first by the indophenol reaction and then was confirmed by 
biological test. Although the original activity rapidly diminishes 
when the cells are damaged, preliminary experiments indicate 
that much of the vitamin remains after cooking, and that it is 
possible to dry the plant in such a way that alfalfa meal of high 
activity can be obtained. Since alfalfa is also rich in vitamins A 
and E and is also unusually rich in minerals such as Ca and Fe, 
the possibility of using certain types of the young plant as a 
human food, either as a green salad, cooked like spinach, or in the 
form of a dry meal is worthy of consideration. E. D. W. 

Evidence of enzymatic destruction of the vitamin A value of 
alfalfa during the curing process. S. M. Hauce. J. Biol. 
Chem., 108, 331-5 (Feb., 1935).—Alfalfa was treated by some 
methods which were favorable to enzyme activity and by other 
methods which inhibited enzyme action. The effect of these 
treatments on the vitamin A value of alfalfa was determined. 
Evidence is presented which shows that enzymes are directly 
responsible for the destruction of the vitamin A value of alfalfa 
during the curing process, and that sun’s rays have only an in- 


direct effect by producing temperatures which accelerate enzyme 
activity. E. D. W. 
The arsenic content of honey and bees after dusting with 


arsenicals. G. LocKEMANN. Z. Untersuch. Lebensm., 69, 80 
(Jan., 1935).—A field of rape in bloom was dusted with arsenicals. 
Soon after this the bees from neighboring hives died in masses. 
The question arose as to whether the honey might contain suffi- 
cient As to make it unfit for food. Chemical analyses showed 
that the honey contained 1 part by weight of As in 5-10 million 
parts of honey. Since this amount lies within the limits of the 
normal occurrence of As in nature, the honey can be used without 
fear. 

The bodies of the dead bees contained 1 part of As to 32,000- 
48,000 parts by weight of bees. The lethal dose for man accord- 
ing to appropriate handbooks is 0.1-0.3 g. As2O3 or 1-750,000 to 
1—250,000; for warm-blooded animals 0.015 g. As,O3 to 1 kg. of 
body weight or 1-60,000. Since the As content of the bees was 
below the latter, it is possible that they were killed by a smaller 
dose. E. D. W. 

Solvent extraction in petroleum refining. J. T. WARD AND 
H. O. Forrest. Chem. & Met. Eng., 42, 246-50 (May, 1935).— 
To obtain lubricating oils of the highest quality five types of the 
constituents of ordinary lubricating oil fractions must be elimi- 
nated: (1) wax, to obtain a low pour point; (2) asphalt for 
several reasons, particularly its carbon-forming tendency; (3) 
compounds of very high viscosity, intermediate between asphalts 
and heaviest lubricating fractions, because of carbon-forming 
tendencies; (4) color bodies, to make oil marketable; (5) naph- 
thenic compounds, which give low viscosity and low resistance to 
oxidation. Compounds of selective solvent action which are used 
commercially to remove some of these are acetone, benzene, di- 
chlorethyl ether, dichloro- and trichlorethylene, furfural, nitro- 
benzene, phenol, propane, cresols, sulfuric acid, and sulfur di- 
oxide. It is generally necessary to use distillation and treatment 
with acid and alkali in addition to solvents to remove all of these 
constituents. J... Wi. 

Alcohol-gasoline blends main topic at Dearborn conference. 
Chem. & Met. Eng., 42, 285 (May, 1935).—At this conference it 
was reported that exhaustive tests with automobiles, trucks, 
buses, tractors, and airplanes had proved that as a blend with 
gasoline, alcohol was unexcelled. No change in present engine 
design had been necessary. A mixture of one gallon of alcohol 
with ten of low-grade gasoline had given 8 per cent. better mileage 


and the same anti-knock rating as ‘‘regular’’ grades of gasoline, 
while a 20 per cent. blend had equaled the best fuels. The blend 
gave smoother and quieter engine operation, virtual elimination 
of gum and carbon, better acceleration, especially at low speeds, 
and somewhat easier starting. The use of alcohol for motor fuel 
would be a means of stabilizing agriculture. J WO. 

Synthetic alcohols and related products from petroleum. B. 
T. Brooxs. Ind. Eng. Chem., 27, 278-87 (Mar., 1935).— 
Synthesis of materials from petroleum has become more impor- 
tant since such a variety of cheap materials is available from the 
cracking processes. Even such a cheap material as ethyl alcohol 
feels the competition from the synthetic product made from 
ethylene. Supplies of raw materials from the petroleum industry 
are almost unlimited. The complexity of the crude oils and the 
difficulty of separating pure compounds, the wide variety of crude 
oils, and the lack of chemical knowledge of all but the simplest 
hydrocarbons were severe handicaps which are being overcome. 

In 1862 a liter of ethyl alcohol said to be made from ethylene 
from coal gas was shown in London. The introduction of oil 
cracking in 1912 was a great step forward, followed by the use of 
H2SO, in refining. The first industrial production of alcohols 
from these cracked products was made about 1917, and isopropyl 
alcohol was made commercially in 1920. Recent developments 
in recovering unsaturated hydrocarbons with H.SO, and their 
physical separation have rendered practical the production of a 
number of alcohols including ethyl alcohol, formerly not consid- 
ered practical. The conditions for the production of these alco- 
hols and esters are discussed. Di GeL. 

Traces from tons. F. J. Metzcar. Ind. Eng. Chem., 27, 
112-6 (Jan., 1935).—In his address on accepting the Chemical 
Industry Medal for 1934, the author points out that the recovery 
of rare gases of the atmosphere has been accomplished with 
greater accuracy in the plant than by the refined methods of 
research; when in the recovery of Xe and Kr, the yield was 
apparently over 100% on the basis of previous determinations, 
showing that the amount was greater than had previously been 
estimated. The liquefaction and separation is now so well con- 
trolled that oxygen is 99.5% and nitrogen about 99.8% pure. 
The amount of Ne in air is 1 Ib. in 44 tons, He 1 Ib. in 725 tons, 
Kr 1 lb. in 173 tons, and Xe 1 Ib. in 1208 tons. Ne and He have 
low boiling points and remain uncondensed, concentrating to 
about 45% Ne and 15% He. Separation is made by absorption 
in activated charcoal. Kr and Xe condense in the oxygen por- 
tion and are separated by fractionation. Kr was marketed for a 
time as 98.5% pure, until a re-determination of the constants 
showed that it had really been 100%. 

Argon has its greatest use in incandescent filament lamps, re- 
placing nitrogen in whole or in part. Tens of thousands of cu. ft. 
are consumed per month. It is estimated that the use of argon 
in place of nitrogen has reduced the annual electric light bill from 
$745,000,000 to $620,000,000. Neon with its high conductivity 
and high light-emissive power is used in display signs. Helium is 
used for production of yellow and white light. Kr and Xe are 
used for similar purposes, since the addition of small amounts 
produces decided changes. These may replace A, since when 
used in lamps the efficiency is increased one-third. This would 
require a tremendous increase in the amount of air handled, since 
A is present to the extent of almost 1%. DCs. 

Atoms in action. III. The sleeping energy of atoms. W. T. 
Sxituinc. Sch. Sci. & Math., 34, 962-6 (Dec., 1934).—The 
phenomena of radioactivity show that great stores of energy must 
be locked up within the atom. The alpha particle shot from an 
atom of radium is, in proportion to its weight, about 100 million 
times as energetic as a rifle ball. The fact that radium is a con- 
tinuous source of heat indicates that the vast store of atomic 
energy is slowly leaking out. The first step ever taken in the 
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way of tapping this hidden inner source of power was by Ruther- 
ford in 1919. He succeeded in breaking into the nuclei of certain 
of the lighter elements which are not radioactive, by bombardin 
them with alpha particles shot with great force from a product of 
radium. In 1932, a further step was taken. The proton, the 
nucleus of the hydrogen atom, was made to move at tremendous 
velocity by electrical means and was shot against atoms of other 
elements. Not only were these atoms broken, but in the re- 
arrangement of the broken pieces of the nucleus, a great quantity 
of surplus energy was given off. The energy resulting from the 
total destruction of a gram of matter would be equivalent to 
more than 600,000,000 times the amount of heat obtained from 
the burning of a gram of the most efficient fuel, hydrogen. This 
fabulous energy may always remain unattainable by us. But, 
though conditions on the earth seem to prevent our control of this 
energy supply, there is reason to suppose that in the sun and 
stars, where temperatures range in the millions of degrees, new 
atoms may be forming and probably old atoms are being anni- 
hilated. H. G. 
Graphic description. Ind. Bull. Arthur D. Little, Inc., 101, 4 
(May, 1935).—There are two crystalline forms of carbon: the 
diamond and graphite. One ‘‘shines in society’’ while the other 
is an unpretentious worker. It would be difficult to find two other 
substances so different in physical properties, yet chemically 
identical. It was not until about four hundred years ago that 
graphite was really discovered or turned to good use. At first it 
was thought to be a form of lead; hence ‘“‘lead’’ pencil. The 
descriptive name ‘‘graphite’’ was derived from the Greek word 
“graphein’” which means to write. When caoutchouc was intro- 
duced into England, it was called ‘‘rubber’’ because of its ability 
to rub out graphite pencil marks. Graphite and rubber have 
been close companions ever since. About 1820 Joseph Dixon 
began making graphite articles in this country. Other uses of 
graphite than in pencils are: as a dry lubricant for impregnating 
leather fabrics which are to resist friction; for printing inks and 
colloidal water colors; for gear grease; in paints; and in crucible 
manufacture. G. O. 
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Chemical methods of extinguishing fires. E. Boyer. Chem.- 
Zig., 59, 155-7 (Feb. 20, 1935) and 175-7 (Feb. 27, 1935).—A 
review of dry, liquid, and foam type extinguishers used for fight- 
ing fires. 87 references are listed. L. S. 


Synthetic dyes and their importance in medical-biological 
Angew. Chem., 48, 169-71 (Mar. 16, 
L. S 


research. G. HEcHT. 
1935).—An _ address. oe 
The explosibility of molten ammonium nitrate. R. KAISER. 
Angew. Chem., 48, 149-50 (Mar. 2, 1935).—The products of the 
slow decomposition of ammonium nitrate may produce an ex- 
plosive mixture. Several experiments are described. S. 
Contributions to the Marsh-Liebig test for arsenic. G. 
LOCKEMANN. Angew. Chem., 48, 199-203 (Mar. 30, 1935).— 
The author’s remarks deal with arsenic-free chemicals and appa- 
ratus, decomposition of the organic compounds, precipitation of 
arsenic, modification of the Marsh-Liebig apparatus, as pro- 
cedure for the detection of arsenic. L. S. 
The hydrogen industry. B. WarseR. Chem.-Ztg., 59, 235-5 
(Mar. 20, 1935).—The discussion includes the electrolysis of 
water, the thermal decomposition of hydrocarbons, the Fe-steam 
contact process, the partial liquefaction of water gas, the water 
gas contact process, the coke gas liquefaction, and other proc- 
esses. | 
Physicist’s new view of physical world. B. Popoisky. Sci. 
News Letter, 27, 300 (May 11, 1935).—Physicists believe that 
there exist real material things independent of our minds and our 
theories. Before a theory can be considered to be satisfactory it 
must pass two severe tests. First, the theory must permit the 
calculation of the facts of nature and these calculations must 
agree very accurately with observations and experiments. 
Second, a satisfactory theory must be a good image of objective 
reality and so contain a counterpart for every element of the 
physical world. A theory satisfying the first requirement is 
called correct while if it satisfies the second it is called complete. 
Einstein, Podolsky, and Rosen have arrived at the conclusion 
that the theory of quantum mechanics in its present form is 
incomplete. B.C. EH. 


APPARATUS, DEMONSTRATIONS, AND LABORATORY PRACTICE 


Osmosis with visible movement. E. T. Harris. Sch. Sci. 
Rev., 16, 411-2 (Mar., 1935)—A Cellophane membrane is 
folded and tied over one end of a 3” length of 1”-diameter glass 
tubing. The tube is nearly filled with golden sirup and a layer 
of ink or other colored liquid is added. A rubber stopper fitted 
with a long piece of thermometer or capillary tubing is inserted. 
If desired the stopper may be fitted with a second tube carrying a 
piece of rubber tubing and a pinch-clamp for adjustment of the 
liquid level. oO. kK. 

Determination of the moisture content of benzine. M. 
Corps. Chem.-Zig., 59, 288 (Apr. 6, 1935).—Clean sodium is 
added to benzine and the hydrogen formed is collected in a buret. 
1 cc. H = 0.0899 mg. H = 0.803 mg. water. The method is 
equally suitable for ether and other organic liquids ns do not 
react with sodium. S. 

A new quick method for the practical determination of the pH 
value with indicator paper foils according to Dr. Holl. H. A. 
FREYE. Chem.-Zig., 59, 278 (Apr. 3, 1935).—Determinations 
can be made with an accuracy of 0.2 pH froma pH of 1 toa pH of 
14. The method is particularly of advantage in colored, turbid, 
and viscous solutions as well as in strongly alkaline or acid, 
oxidizing, or reducing liquids. The paper foil is simply dipped in 
the liquid to be tested and the pH can at once be read off from a 
standard scale. The complete apparatus is shown; it consists of 
8 glass tubes, 8 color scales, 2 milk glass plates, ‘and 1 pair of 
forceps. The indicator paper foils are 

pH = 1.0-2.4 cresol red 

pH = 1.0+4.0 Congo red 

pH = 3.2-5.0 bromphenol blue 

pH = 4.8-7.0 bromcresol purple 

pH = 6.4-8.4 phenol red 

pH = 8.0-10.4 thymol blue 

pH = 10.3-13.0 thymolphthalein 

pH = 12.2-14.0 _ tropaeoline bs, Ss 

Electrolytic experiments in high-school chemistry. H. J. 
ApraHams. Sch. Sci. & Math., 34, 986-92 (Dec., 1934).—The 
experiments described have been used by about 40 students over 
the last two years. There is an explanation with diagrams of an 
economical rewiring of laboratory tables and the use of economi- 
cal apparatus. 


Experiment I. Electrolysis of water: 


A. Preparation of hydrogen and oxygen. 
B. Preparation of an explosive mixture of the 
two. 
II. Electrolysis of a sodium chloride solution. 
III. Electrolysis of a copper sulfate solution; plat- 


ing with copper; and a confirmation of 
Faraday’s Law. j- BG. 


Rapid titrimetric estimation of arsenic in biological material. 
R. ALLcROFT AND H. H. GREEN. Biochem. J., 29, 824-33 
(Apr., 1935).—A rapid quantitative method for determination of 
As in biological material is described, which enables six deter- 
minations to be completed in about two hours. A mixture of 
perchloric and nitric acids is used for destruction of organic 
matter. As is liberated as arsine in a fast stream of H, absorbed 
in a few cc. of N/50 AgNO; and directly titrated with N/495 
iodine (1 cc. = 0.1 mg. As2O3) to a starch endpoint in presence of 
sufficient excess of KI to keep the silver in solution. Recoveries 
of added As in quantities of 0.50 mg. to 0.005 mg. of AsO; com- 
pare favorably with recoveries by other methods. E. D. W. 

An isothermal calorimeter. H. B. SREERANGACHAR AND 
M. SREENAVASAYA. Biochem. J., 29, 291-9 (Feb., 1935).—A 
calorimeter using diphenylmethane, which is very simple in 
operation, is described. It has been calibrated with the help of 
the following standard reactions: (a) dilution of HzSQ,, (6) 
neutralization of HCl with NaOH, and (c) double decomposition 
of Na:SO, and BaClh. The heat changes accompanying a few 
enzymic reactions have been studied. The peroxidase-quinol 
system yields an average value of 68.2 calories per g. of substrate. 
The possibility of using the calorimeter for study of other bio- 
logical reactions, e. g., respiration, germination, +8. fermenta- 
tion, is indicated. E. D. W. 

The preparation of semipermeable sac-membranes. J. 
DucxwortH. Biochem. J., 29, 656-9 (Mar., 1935).—Two 
contributions to membrane preparation which appear to have 
received little consideration are: (1) Frendelenburg’s method 
(1923) of casting membranes on test-tubes; (2) Pierce’s method 
(1927) of limiting the porosity of flat membranes by the use of 
ethylene glycol. A method which combines these two and which 
will yield practically identical ultrafiltrates at the hands of 
different investigators, is described. E. D. W. 
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HISTORICAL AND BIOGRAPHICAL 


The glass and metal ovens of the early middle ages. W. 
THEOBALD. Chem.-Zig., 59, 46-7 (Jan. 12, 1935).—A report 
on glass technic and metallurgy during the 10th century as de- 
scribed by the Benedictine monk Theophilus in his Diversarum 
artium schedula. L.. 

T. O. Bergman (1735-84). A bicentenary. ANoNn. Nature, 
135, 366 (Mar. 9, 1935).—Torbern Olof Bergman was born at 
Katrineberg, Vestergotland, on March 10, 1735. He became a 
student at Uppsala in 1752 and remained there during his life- 
time. After teaching mathematics and physics at the Univer- 
sity, he succeeded Wallerius as professor of chemistry in 1767. 
Bergman in an autobiography makes this statement regarding 
himself: 

“In fulfilling my duties, I have had two objects in view: to 
give my students a sound foundation in chemistry, based upon 
explicit experiments, and also to enrich, as much as possible, the 
science itself.” 

This would seem to have been his aim since he published many 
papers in inorganic chemistry (as well as in natural history and 
physics). He greatly improved upon the early technic of “‘blow- 
pipe” and ‘“‘wet’’ methods of analysis. His most important 
contribution to theoretical chemistry was his ‘‘Essay on Elective 
Attractions,’’ that is, on chemical affinity, which was translated 
into English and French. For many years he endeavored to 
determine the numerical values for the relative affinities of the 
elements, bases, and acids, but his results were of little importance 
because no account was taken of such factors as mass action, 
volatility, etc. He discovered the elements molybdenum and 
tungsten. Someone has said that his greatest discovery was 
Scheele. Certainly Scheele owed much to the assistance of 
Bergman. 

Bergman states in his autobiography that in 1776 he received 
an offer to go to Berlin as a member of the Scientific and Literary 
Academy, but fortunately he refused the offer and remained at 

B 


Uppsala. FB...) 
Chemical arts in the Mount Athos Manual of Christian Ico- 


nography. J. R. PartincTon. Isis, 22, 136-49 (1934).—The 
manuscript, discovered in 1839 by Didron and Durand, was 
written in the 15th or 16th century by Dionysios of Furna and is 
based upon the 12th century treatise of ‘‘the celebrated and 
illustrious master Panselinos of Thessalonika’”’ (a painter) ‘‘com- 
parable with the moon in splendor” and upon later material. 
It contains Turkish, Italian, German, and Persian words, and 
makes mention of the Muscovites. The large part of the work 
deals with artistic details, design, etc., but Book I treats of ma- 
terials and is of some interest to the chemist. The materials and 
the processes are the ancient ones described by Pliny, Diosko- 
rides, and Vitruvius, of more limited variety than those of the 
treatises of Eraclius and Theophilus, but the Mount Athos 
manuscript is of significance in showing the line of transmission of 
Byzantine artistic technic. x Neel RE! 3 
Medieval color-making: Tractatus qualiter quilibet artificialis 
color fieri possit, from Paris, B.N., Ms. Latin 6749b. D. V. 
THOMPSON, JR. Isis, 22, 456-68 (1935).—Complete Latin text 
of the 15th century manuscript, probably representing an abridg- 
ment of a longer work. ‘“‘Its full title promises a description of 
the manufacture and sophistication of every sort of artificial 
color, of the mixture of one color with another, and of the identifi- 
cation of the colors. Actually it deals only with the manufacture 
and sophistication and identification of blues, with the manu- 
facture of white lead, minium, and Jazurium in the sense of ver- 
milion, and with chrysography, argyrography and their sub- 
stitutes. There is, for example, no mention of verdigris, one of 
the outstanding ‘artificial’ colors; and the section on mixtures 
promised by the title seems to have been omitted entirely.” 
TL 


Some early work bearing on specific heat. P. A. WELLS. 
Sch. Sci. Rev., 16, 356-9 (Mar., 1935).—A brief historical review 
covering the work of Boerhaave, Black, Jean Baptiste Morin, 
Willem Jakot Gravesande, Klingenstjerna, Georg Wolffgang 
Krafft, and Georg Wilhelm Richmann. Five references. ‘ 

aR. 


EDUCATIONAL MEASUREMENTS AND DATA 


The effects of measurement upon instruction. A symposium. 
C. Woopy AND OTHERS. J. Educ. Research, 28, 481-531 (Mar., 
1935).—Summarized as follows: (1) All authors recognize the 
positive potential contribution of measurement as a means for the 
improvement of instruction. (2) They agree that the objections 
to measurement arise from faulty technics of test construction, 
faulty selection of content, and faulty interpretation of results. 
(3) They seem also to agree that the abuses and misuses of 
measurement present a challenge for improvement in the field 
rather than abandonment of measurement. (4) Most of them 
point out the need for the development of instruments of meas- 
urement such as initiative, codperation, methods of work, 
methods of thinking, appreciations, attitudes or emotional 
effects. (5) The contributors implied, if they did not implicitly 
state, that the various types of measurement must be evaluated 
in terms of the purpose for which they are designed. (6) They 
seem also to imply that the values emphasized in the tests must 
change from time to time and must be consistent with the essen- 
tial values of the educational process. 

While the six enumerated generalizations as inferred from the 
content of the papers are stated in a positive and optimistic 
form it should be added that the contributors are keenly aware of 
the defects of the movement. One contributor fears that co- 
operating state-wide testing programs will move the supervising 
leadership to an outside agency. One condemns outright the 
“determining of the old tyrant norm” and states that the ‘‘ad- 
ministrative tests of the usual type should be discontinued or so 
managed as not to affect teaching and teacher morale adversely;” 
still another warns that ‘‘the character of the tests employed in 
measuring the results of our teaching, influences the instruction; 
and that the increasing use of objective tests is tending to multi- 
ply our attempts to change the curriculum.’’ This sampling of 
the statements from the papers is not to be interpreted as a 
wholesale condemnation of the testing movement as having a 
pernicious effect on instruction, but rather as a warning against 
the unwise selection of tests and test procedures and as a challenge 
for the production of better instruments of measurement, better 


technics of test construction, and better methods of using test 
results. a: a es 

The measurement of teaching ability. A. S. Barr. J. 
Educ. Research, 28, 561-9 (Apr., 1935).—The measurement of 
teaching ability is important, (1) in the training of teachers in 
service; (2) in the institutional training of teachers; (3) in the 
administration of the teaching staff; (4) in research relating to 


these fields. The author cites nineteen instruments of measure- 
ment employed, along with his study of the validity of each. He 
employs as criteria of teaching success: (1) a composite of the 
gains in test scores made by pupils during the experimental 
period of the Stanford Achievement Test; (2) a composite of 
ratings of teachers made by the superintendent of schools in 
seven different rating scales twice applied; (3) a composite of 
scores made by teachers on nine measures of qualities commonly 
associated with teaching success, such as health, intelligence, 
personality, professional information, knowledge of the subject 
matter, and professional interest; (4) a composite of all the 
foregoing measures. The author says that an infinite amount of 
more refined work needs to be done. He suggests improvement 
of the approaches to the subject, as, (1) through more adequate 
use of a number of well-known principles and technics of test 
construction not discussed here; (2) by measuring more aspects 
of the teacher’s contributions to teaching situations and -not 
merely her knowledge of subject matter, method, or intelligence; 
(3) by approaching the measurement of teaching ability through 
functional tests of the whole teacher in action made either through 
paper and pencil situation tests, or through observation of teach- 
ers in controlled teaching situations; (4) by thinking of teaching 
not so much as so many tricks-of-the-trade technics and devices, 
but as the application of fundamental facts and principles to the 
teaching process; (5) and by application of better technics of 
validation wherein more attention is given to the criteria of good 
teaching and the conditions under which data for the validation 
of instruments for the measurement of teaching ability are 
collected. oe G. 





RECENT BOOKS 


THE SEARCH FOR TRUTH. Eric Temple Bell, Professor of Mathe- 
matics, California Institute of Technology, Member National 
Academy of Sciences, Past-President Mathematical Associa- 
tion of America. The Williams & Wilkins Company, Balti- 
more, 1934. x +279pp. 14 X21.5cm. $8.00. 


Another book from the pen of the author of The Queen of the 
Sciences, Before the Dawn, and Numerology will be hailed by that 
class of readers who like straight thinking spiced with racy 
humor. From Sam’s mule in the Introduction to Dean Wilshire’s 
discussion of The Priesthood of Science in the final chapter Dr. 
Bell holds the reader with his skilful play of fascinating anecdote 
and trenchant wit. Many who have little interest in the history 
of exact thinking will be lured into strange fields by the author’s 
style. If they then return to old haunts undisturbed by the 
serious undertone of the book, it will not be because the author 
failed to proclaim the message of the emancipation of the human 
mind in as bold words as have been written by one of his scholarly 
attainments. 

The purpose of the book is set forth after lengthy preliminaries 
in the following paragraph at the close of chapter two: ‘In no 
sense are the following chapters intended for specialists in any- 
thing; they are meant only as an appetizer for stronger meat 
which, when thoroughly digested, will make the consumer of it as 
lusty as a lion and as independent as the proverbial hog on ice 
when told, even on the highest authority, to swallow any particu- 
lar brand of bosh, even the most widely advertised. If only we 
can think for ourselves, and form a just estimate of our efforts, we 
shall be immune to all the craft and subtlety of the half-cocked 
enthusiasts.” 

Four towering peaks are delineated in the history of exact 
thinking. The first of these arose in ancient Egypt from the 
consideration of such mundane matters as the calendar, the 
inundation of the Nile, and the pyramids. The Greeks erected 
the second, but the spontaneous combustion theory of their 
brilliance is exploded by tracing the growth of their proofs by 
deductive reasoning from the problem of finding the volume of a 
truncated pyramid. The invention in 1826 by Lovatchewsky of 
non-Euclidean geometry gave rise to the third, while the fourth 
came from questioning in the present century of two of the three 
‘laws of thought” which have ruled the world of reason since 
they were first formulated by Aristotle 2300 years ago. 

Exposing the “craft and subtlety of the half-cocked enthusi- 
asts” is a major diversion of the author. Educators, philoso- 
phers, and theologians are each in turn berated without mercy. 
After ridiculing ‘‘the reverence and respect in which Euclid’s 
allegedly rigorous reasoning was held by all educated men for 
well over two thousand years,” Dr. Bell adds, ‘‘as nothing else 
even half so good is offered in the way of deductive reasoning in 
school, we must not be too hard on what is actually handed out. 
The great miracle is that there are not a hundred million gullible 
boobies in America, eager to swallow all the latest and craziest 
speculations, instead of the negligible few there are.” 

Extrapolating philosophers and left-wing theologians come in 
for even more vigorous criticism. At the hands of the exotic 
characters, ‘‘Bluebottle” and ‘“‘Toby,” these respectable members 
of society are manhandled in a way that will hardly serve to 
postpone the coming of what Dr. Bell in a moment of pessimistic 
extrapolation calls the ‘‘Great Revival of Belief”; this he predicts 
will usher in eight or ten centuries of docile credulity as pliable as 
that of the Middle Ages, for ‘‘Science and reason have been tried 
before the tribunal of public opinion, both educated and unedu- 
cated, and the verdict is ‘Guilty; hangthem both.’”’ Bluebottle 
and Toby are as unconcerned over the approaching cataclysm as 
Sam’s blind mule headed toward the telegraph pole-—they “just 
don’t give a damn.” Joun R. SAMPEY 


FuRMAN UNIVERSITY 
GREENVILLE, SOUTH CAROLINA 


RESEARCH. T. A. Boyd, Research Division, General Motors 
Corporation. D. Appleton-Century Company, Inc., New 
York and London, 1935. xv +319pp. 13 KX 20cm. $2.50. 


When a man with the standing of Dr. Boyd writes a book on 
research, those interested in that field will feel an obligation to 
read it. But when on opening the volume one finds the author 
possessed not only of indubitable facts, which were to be ex- 
pected, but also of an easy and readable style and a wealth of 
interesting quotations and anecdotes concerning research and its 
accomplishment, the obligation becomes a real pleasure. 

From his own extensive experience and that of his associates, 
and from extensive reading, Dr. Boyd has compiled a systematic 
account of research—what it is, how it is done, and the kind of 
men that do it, using the word research in the broadest sense, as 
any search for new knowledge. 

One need but read the provocative outline of the book to make 
one eager to read the definition of: Research, Pure Research and 
Applied, Evolution, Organization, Laboratories, Senses Supple- 
mented, Paper Exploration, Observation, Accident, Re-Search 
Financing, Selling, Men of Many Talents, Training, Recruiting, 
Youth, Curiosity, Imagination, Experimentalism, Enthusiasm, 
Patience, Persistence, Faith, Courage, Common Sense, Honesty, 
Modesty, Products Improved, Industries Originated, Industries 
Destroyed, Dividends: Economic, Dividends: Educational, Divi- 
dends: Humanitarian, Truth, By-Products, “Why Didn’t I 
I Think of That?’’, Pythagoreanism, Remuneration, Penalties of 
Pioneering. 

Particularly notable is the wide appeal of this book. While it is 
written from the standpoint of the general reader, and requires 
little or no knowledge of science for its comprehension, there is 
scarcely a page that will not interest the professional research 
worker. Every one engaged in research or contemplating it as a 
career should read it to get new inspiration from the work of 
others so well related here. Every teacher of science should at 
least read the book and if possible make it available to his stu- 
dents. Gustav EGLOFF 


UNIVERSAL O1L PrRopucts Co. 
Curcaco, ILLINOIS 


ELECTRON EMISSION AND ADSORPTION PHENOMENA. J. H. de 
Boer. Translated by Mrs. H. E. Teves-Acly. Cambridge: 
at The University Press; New York City: The Macmillan 
Company, 1935. xi + 398 pp. 150 figs. 14 X 22 cm. 
$5.50. 


The author states in the preface that the book is intended to 
present from the physical-chemical point of view the relation 
between the phenomena of adsorption on surfaces and those of 
electron emission and conduction. In the opinion of the re- 
viewer, the resulting work fulfills this intention excellently and 
contains comprehensive discussion not only of the author’s own 
contributions in this field, which have been extensive, but also a 
review of the work of Langmuir and other investigators. 

The fifteen chapters and 384 pages of text contain an extremely 
interesting wealth of topics. The contents may be grouped under 
four headings: 


I. Electron emission phenomena from metals and ‘composite 
surfaces (Th-W, Cs-W, Cs-O-W, Ba-BaO, etc.). These are dis- 
cussed in Chapters I, III, IV, and XIV. 

II. Adsorption phenomena. The nature of adsorption forces 
(Chapter II), double layers formed by adsorption of gases 
(Chapter VI), and also a number of sections in the chapters on 
electron emission phenomena. 

III. Photoelectric emission and related phenomena: emission 
after adsorption of electropositive metals on metal surfaces 
(Chapter V), absorption of light by matter in the gaseous state 
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(Chapter VII), absorption of light by matter in the adsorbed 
state (Chapter VIII), the selective photoelectric effect (Chapter 
IX), photoelectric properties of alkali halides (Chapter X), and 
photoelectric cathodes of composite type, such as Ag-Cs,0-Cs 
(Chapter XIII). 

IV. Electronic conduction in lattices of alkali halides and 
similar compounds (Chapters XI and XII), and conduction in 
blocking layers (Chapter XV). 

In the first chapter the author gives a list of references to 
recent reviews on the subjects of thermionic emission, the photo- 
electric effect, and the most recent developments in the theory of 
electronic conduction. Therefore, instead of duplicating, in a 
sense, the contents of these publications, he has described only 
the main features of the phenomena and has dealt at greater 
length with the bearing of these observations on the interpreta- 
tion of the nature of adsorption forces. 

The discussion of each topic is accompanied by very clear dia- 
grams which should prove of material assistance to the reader. 
No difficult mathematics is used in presenting the interpretation 
of the various types of observations. 

Chapters XI and XII (dealing with electronic conduction in 
the lattices of alkali halides and similar compounds) contain a 
very fine review of a group of phenomena which will no doubt 
become of more universal interest in the future from both the 
theoretical and practical points of view. 

Perhaps the author has dealt more fully with his own views on 
some of the phenomena than with those of others. But he has 
also attempted to present opposing points of view, as, for in- 
stance, in the chapter on the adsorption of caesium on tungsten 
surfaces. Since each chapter contains copious references to the 
literature, the reader is enabled to follow up each topic in further 
detail, should he desire to do so. 

For the chemist, the study of the contents of the volume will 
prove stimulating since they deal with that borderland in which 
the physicist and the chemist must codperate to understand the 
nature of the phenomena observed. It is a field in which the 
physical chemist or chemical physicist will continue to find many 
interesting problems for a long period of time. 

The reviewer feels that the work of Dr. de Boer will prove both 
profitable and stimulating to all those who desire to keep abreast 
of the developments which have resulted from the investigations 
in thermionics, photoelectric, photoconduction, and electronic 
conduction phenomena. SauL DuSHMAN 


RESEARCH LABORATORY, GENERAL ELEctrRIC Co. 
SCHENECTADY, NEw YORK 


EXPERIMENTS IN ORGANIC CHEMISTRY. Louis F. Fieser, Associ- 
ate Professor of Chemistry, Harvard University. D.C. Heath 
and Co., Boston, Mass., 1935. viii + 369pp. 42 figs. 13.5 X 
21.5cem. $2.40. 


This new laboratory manual is intended for students of ele- 
mentary organic chemistry, and especially for those who expect 
to undertake more advanced work later. It is divided into two 
parts, of which Part I (pp. 1-280) presents fifty experiments, 
some comprising several parts or alternatives, and Part II (pp. 
281-359) consists of chapters on suggestions for advanced work, 
solvents, reagents and gases, and a semimicro method for the 
determination of carbon and hydrogen. 

The manual differs from many of its predecessors in at least 
two respects. (1) Each experiment or each procedure is pre- 
ceded by an informative introduction in which the student is told 
some of the things he should know about the methods available 
and the ones employed, for the preparation, isolation, etc., of the 
product to be made, and in which the essential chemistry of the 
experiment is explained. This undoubtedly facilitates matters 


for the student, and will probably lead to a better average state of . 


preparedness when each experiment is undertaken, though it may 
induce some students to rely unduly upon these explanations as an 
adequate source of information. In some cases the explanatory 
introduction seems long in relation to the brief experiment which 
follows. (2) It is pointed out in the preface that ‘‘some of the 
reactions of aliphatic chemistry can be illustrated perfectly well, 
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and to considerable advantage, with the use of aromatic com- 
pounds.” This may be admitted in principle, but in view of the 
recent and contemporary growth of aliphatic chemistry the ad- 
visability of including only thirteen aliphatic experiments in a 
total list of over fifty may be questioned. 

Part I is introduced by experiments on the detection of the 
elements and on the manipulations of distillation, fractional 
distillation, determination of the melting-point, crystallization, 
and extraction. The experiments which follow are mostly prepa- 
rations, for which the procedures appear to be excellent, and 
are carefully and clearly described. Among the experiments 
which present an aspect of novelty there may be mentioned the 
use of ‘‘dry ice” in the synthesis of a carboxylic acid through the 
Grignard reagent, the removal of water from a product (valeric 
acid) by azeotropic distillation, the reduction of acetone to 
pinacol and its conversion to pinacolone, the acetylation of an 
amine (aniline) by acetic anhydride in aqueous solution, the prepa- 
ration of benzophenone by decarboxylation of o-benzoylben- 
zoic acid, the photochemical reduction of benzophenone to benzo- 
pinacol by isopropyl alcohol, the auto-oxidation of benzoin, the 
Perrier modification of the Friedel-Crafts reaction, some good 
experiments on dyeing, a brief outline for identification of certain 
types of aromatic compounds, and a special experiment on Mar- 
tius yellow. The last is a small-scale experiment involving eight 
steps, and is suggested as a test of skill and speed. The text of 
this experiment comprises four pages explaining the somewhat 
formidable chemistry involved, about two pages of general in- 
structions, five pages of directions, and over a page of ‘‘notes.”’ 

Considered individually nearly all the exercises in the manual 
are to be recommended. Considered as a course of instruction, 
however, the manual discloses a certain lack of balance and 
scope. In addition to the great preponderance of aromatic 
experiments, attention may be called to the facts that there are 
described the preparations of two pinacols and the corresponding 
pinacolones, the (alternative) preparation of two acids by the 
Grignard reaction, three sulfonations, two preparations of phenols 
by alkali fusion, four quinones, and no fewer than six Friedel- 
Crafts reactions. These duplications serve to emphasize a num- 
ber of omissions of familiar and useful material, of which at least 
a part is generally considered essential to an elementary course. 
These omissions include a study of the characteristics of alcohols, 
the preparation of alkyl iodides and chlorides (not mentioned), 
the preparation of a simple aryl halide, the properties of aryl 
halides, the Ullmann reaction, the Cannizzaro reaction, work on 
pentoses and furfural, study of aliphatic amines, examples of 
alkylation (other than by the Grignard reagent), study of inter- 
mediate reduction products of nitro-compounds, reactions of 
amines and amides with nitrous acid, saturation of a double bond, 
introduction of multiple bond by abstraction of hydrogen halide. 
The Wurtz-Fittig synthesis, and the acetoacetic ester and malonic 
ester syntheses, are omitted. There are no experiments in either 
the alicyclic or the heterocyclic series (unless succinic anhydride, 
succinanil, and phthalic anhydride are to be regarded as true 
heterocycles). 

Discussions of steam distillation and vacuum distillation are 
introduced at appropriate places, and are excellent and relatively 
full, with figures representing various useful types of apparatus. 
The determination of melting points is perhaps less satisfactorily 
treated than other important operations. The student apparatus 
recommended, and also the modified Anthes apparatus shown in 
Part II, appear to provide insufficient certainty of uniform heat 
transference, and no satisfactory means for estimating the correc- 
tion for exposed stem. The student is informed that the error 
due to exposed stem may reach 10°, but the question of stem 
correction is dismissed rather casually (p. 289) in a manner which 
appears to condone a practice termed by Mulliken ‘‘unfortunate 
and unscientific.” 

The chapter on Identification of Organic Compounds presents 
a brief scheme which provides for the actual or proximate identifi- 
cation of ‘‘a rather small group’’ of aromatic types (exclusive of 
hydrocarbons, halides, and phenolic ethers). The primary 
classification is essentially that of Kamm; the functional tests 
applied are those previously performed as parts of earlier experi- 





=m fh FR -t 20 — me ww ¢ 


AucusT, 1935 


ments. Work of this kind is always interesting to the student, 
and repays the time devoted to it. 

Part II, which discusses certain apparatus, chemicals, and pro- 
cedures used in advanced work, is for the most part brief, and is 
more fully documented than Part I. This section is valuable, 
though it appears that certain portions might logically be given 
in appropriate places in Part I and thus become available to 
elementary students. The chapter on Solvents, Reagents, and 
Gases is more varied and useful than the title suggests, but cannot 
well be described or evaluated briefly. The information regard- 
ing the Grignard reaction could perhaps be advantageously 
included in Part I with experiment 12. 

The final chapter on the semi-micro determination of carbon 
and hydrogen describes the procedure of Lauer and Dobrovolny, 
which “‘is gaining rapidly in popularity both in advanced courses 
of instruction and in research laboratories . . . .””. The descrip- 
tion is adequate, and includes a number of simplified alternative 
manipulations. 

The book is well and clearly written. Only a few typographi- 
cal errors were detected. With the limitations mentioned above 
the manual offers a fairly wide choice of interesting and carefully 
elaborated experiments. It should be satisfactory for elementary 
laboratory instruction, and equally useful as a source of informa- 
tion and of supplementary or alternative experiments for students 
generally. E. C. WAGNER 


UNIVERSITY OF PENNSYLVANIA 
PHILADELPHIA, Pa. 


New Wor tp oF Cuemistry. Bernard Jaffe, Chairman, Depart- 
ment of Physical Sciences, Bushwick High School, New York 
City. Silver Burdett and Co., New York City, 1935. xii + 
566 pp. Appendix and index xxx pp. 339 figs., unnumbered. 
14 X 20cm. $1.80. 


This book greets the reader with an attractive title and modern- 
istic cover, suggestive of chemical magic in story form rather than 
a textbook which may be dull to the young mind. The author 
frankly admits that his work is concerned with conveying to the 
great mass of the population the influence and ideals of scientific 
inquiry and the scientific method rather than with making a few 
score narrow specialists. However, it is not inconceivable that 
both cultural and professional education may be based upon the 
same type of introduction, and this text furnishes a better guide 
book for the purpose than any with which the reviewer is ac- 
quainted. There is a freshness of viewpoint and a practicality in 
presenting the subject matter that brings the world of chemistry 
closer to the experiences of life. The author is particularly fitted 
by his historical studies to interpret the progress of the chemist in 
the past. His previously published “Crucibles’’ is appreciated 
by many. In two of the eight objectives stated in the preface, the 
value of a knowledge of the lives and labors of eminent scientists 
is emphasized. In this connection, the author pays emphatic 
tribute to the specialists rather than the masses. 

The book is divided into 38 uniform chapters averaging 15 
pages each. The titles constitute more than a subject classifica- 
tion; descriptive phrases are added. This is a step in the right 
direction, for what the materials can do is more important than 
what they are. Each chapter is uniformly concluded with three 
teaching devices—a selection of reading materials, a summary, 
and a collection of questions and problems. 

The reading lists are more systematic than those in any other 
high-school text extant. Not only is the source book with 
specific pages given, but also suggestive hints of its nature that 
will surely help to arouse the pupil’s curiosity. A total of fifty- 
five books besides periodicals, all well selected, is listed through- 
out the whole book. This represents a library cost of nearly 
$200. Only the largest schools could afford them all, and would 
not purchase them at one time. Since only sixteen book refer- 
ences occur more than once, it is evident that the library list 
should be graded. Small schools might then be encouraged to 
feel that it was worth while to have some of the library. Only 
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twenty-two of the books cited are among the number recom- 
mended by a recent committee of the American Chemical So- 
ciety, but the reviewer confidently endorses the author’s list. 

The second teaching device, usually called a summary, here 
takes the form of a statement of “basic principles.”” These are 
worded less formally and more interestingly than the usual text- 
book summaries. We wish some one would determine just how 
this feature of the average book is best used. 

The third device is the usual list of questions and problems 
with the former greatly predominating. The question is the best 
thought-provoking device of the teacher, provided the pupil has 
a sufficient introduction to the field in which the question is 
placed. There are, on the average, thirty-six questions to each 
chapter, or two pages out of each fifteen of text. This far ex- 
ceeds the proportion found in other texts. 

This book is the second one to provide advanced exercises for 
the ambitious or proficient pupil, the last five or six exercises of 
each group being so indicated. The claim is made that the ques- 
tions are graded, but there is much more grading needed. The 
exercises recommended for the average pupil include purely 
mechanical questions to cause a re-searching of the text, as well as 
some others which call for the application of text material to life 
incidents. The latter are the really educational questions. 
Finally, there are questions for which no preparation has been 
consistently made and which throw the pupil upon his own re- 
sources. These should be placed in the advanced group as being 
suitable for only the most capable pupils. 

New World of Chemistry is the fifth new text appearing during 
the last year and a half as the product of one author. It compares 
very favorably with the others in having no conspicuous errors of 
fact. There are, however, points of view which are open to 
challenge. The discussion of ‘“‘water of crystallization,’ together 
with its implied definition of the term ‘‘anhydrous,” might be 
cited in instance. 

Chapter 6 explains the origin and use of formulas excellently 
and chapter 8 has an adequate treatment of equations. What 
can justify the general use of both in chapters 2, 3, 4, and 5? 
Of course, pupils will survive this treatment, but is it the scien- 
tific method? Any real student will want to know why the factor 
and subscript for oxygen are interchanged when 30, and 2Fe,O; 
are written in the same equation. In such a case the teacher’s 
position is indefensible. 

Chapter 1 gives an adequate statement of the six essential 
steps of the scientific method. Exercise 17 at the end of the 
chapter is, ‘‘State the six steps in the scientific method.’”’ How 
much better than the exercise is a plan to illustrate the use of the 
scientific method by a simple experiment, at the same time giving 
the pupils an opportunity to exercise their reasoning powers in 
making up their own minds about the nature of a phenomenon 
from the facts. 

Few texts escape the giving of wrong implications about 
neutralization. ‘‘A definite quantity of heat, 13,700 calories, is 
liberated per gram molecular weight (mole) of water or of the salt 
formed . . . . In the case of the actiog of sulfuric acid on potas- 
sium hydroxide, 2 X 13,700 calories are formed, due to the forma- 
tion of two moles of water.”” But there is only one mole of the 
salt formed so the neutralization is not “the union of an acid and a 
base to form water and a salt.” 

The abundance and choice of illustrations are practically above 
criticism. The drawings are excellently done by a special artist 
and the halftone illustrations are clear and distinct. The well- 
arranged chapter on electrons and protons contains portraits of 
many modern scientists at their famous labors. The publishers 
may well be commended for the quality of paper, the clear typog- 
raphy, and the mechanical make-up in general. There are ways 
that we have mentioned in which it could be improved, yet its 
appeal to the pupil, its practical attitude toward the human 
things of life, and its wealth of illustration place it in the front 
rank as a superior textbook in chemistry. 


Lake View Hic ScHoo. 
Curcaco, ILLINOIS 


HERBERT R. SMITH 
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ANNUAL SURVEY OF AMERICAN CHEMISTRY, VOLUME IX, 1934. 
Edited by Clarence J. West, Director, Research Information 
Service, National Research Council. Published for the 
National Research Council by the Reinhold Publishing Corpo- 
ration, New York City, 1935. 396 pp. 138 XK 21cm. $4.50. 


The current volume of the Survey comprises the following 
chapters. 

Theories of Solutions—Martin Kilpatrick 

The Kinetics of Homogeneous Gas Reactions—O. K. Rice 

Subatomics—Joseph E. Mayer and Donald H. Andrews 

Thermodynamics and Thermochemistry—George S. Parks 

Colloids—S. S. Kistler 

Contact Catalysis—Arthur F. Benton 

American Photochemistry during 1933 and 1934—W. Albert 
Noyes, Jr., and A. B. F. Duncan. 

Radioactivity—-Natural and Artificial—Samuel C. Lind. 

X-ray Examination of Materials—Charles S. Barrett. 

Aliphatic Compounds—Cecil E. Boord. 

Carbocyclic Compounds—W. E. Bachman and F. Y. Wise- 
logle. 

Heterocyclic Compounds—Arthur J. Hill. 

Non-Ferrous Metals—Sam Tour. 

Advances in Electrochemical Practice—C. L. Mantell. 

Food Chemistry, 1933 and 1934—H. C. Sherman. 

Fermentation—Ellis I. Fulmer and Leo M. Christensen. 

Alcoholic Fermentation and Beverages—Alfred J. Liebmann. 

Trade Waste Treatment—Willem Rudolfs. 

Fertilizers—Albert R. Merz. 

Coal and Coal By-products—Horace C. Porter. 

Petroleum Chemistry and Technology—W. A. Gruse. 

Textile Chemistry, Dyeing and Finishing—Louis A. Olney. 

Rubber—H. L. Trumbull. 

Solvents—E. W. Reid. 

Chemical Engineering—Theodore R. Olive. 

Otto REINMUTH 


Columbia University 
15 X 23 cm. Paper. 


THE SturF oF Lire. Jacob G. Lipman. 
Press, New York City, 1935. 30 pp. 
$0.50. 


This is a reprint of the Chandler lecture for 1934 delivered by 
Dr. J. G. Lipman at Columbia University on December 14, 1934, 
and published originally in /ndustrial and Engineering Chemis- 
try, Vol. 27, pp. 103-10. It is prefaced by a statement of the 
accomplishments of the author-medalist prepared by Dean H. L. 
McBain. 

In his lecture, after presenting the composition of animal and 
vegetable matter, Dr. Lipman traces the sources of the raw ma- 
terials of life back to the constituents of the earth’s crust, the 
hydrosphere, and the atmosphere. Soil depletion is treated 
quantitatively. His data and the accompanying discussion lend 
emphasis to his concluding statement that ‘‘we who are here now 
are clad in the garment of life that has been worn in many lands, 
in many forms in days without end.” 

The data and their unique presentation should be useful to all 
students of biological sciences. C. H. BAmry 


UNIVERSITY OF MINNESOTA 
UNIVERSITY Farm, ST. PAUL 


ORGANIC SYNTHESES, VoL. XV. C. R. Noller, Editor-in-Chief. 
John Wiley & Sons, Inc., New York City, 1935. v + 104 pp. 
2 figs. 15 X 23cm. $1.75. 


The fifteenth volume of this ‘‘annual publication of satisfactory 
methods for the preparation of organic chemicals” contains 
directions for preparing the following compounds: acetone cyano- 
hydrin, diazomethane, 2,6-dibromo-4-nitrophenol, 2,6-dibromo- 
quinone-4-chloroimide, di-n-butylcarbinol, 5,5-dimethyl-1,3-cy- 
clohexanedione, 2,4-dimethyl-3,5-dicarbethoxypyrrole, 2,4- 
dimethylpyrrole, 2,4-dinitroaniline n-dodecyl bromide, n-hexa- 
decane, n-hexadecyl iodide, homoveratric acid, hydrogen bro- 
mide, p-iodophenol, 1-methyl-2-pyridone, o-nitrophenylsulfur 
chloride, nitrosomethylurea, oleyl alcohol, orthanilic acid, phe- 


nylarsonic acid, phenylbenzoyldiazomethane, y-phenylbutyric 
acid, phenylglyoxal, phloroacetophenone, m-propyl sulfide, 
Reinecke salt, a-tetralone, trichloroethyl alcohol, and veratro- 
nitrile. An appendix contains later references to preparations in 
preceding volumes, and additions and corrections for preceding 
volumes. . 

The method used for the preparation of phenylglyoxal illus- 
trates the use of selenium dioxide as an oxidizing agent. This 
important reagent is finding many uses, and the appearance of 
this synthesis is timely. The inclusion of directions for the prepa- 
ration of several aliphatic compounds with long carbon chains 
reflects the considerable present-day interest in this type of mole- 
cule. A method for preparing diazomethane from nitrosomethyl- 
urea should be welcomed; the reagents necessary for synthesizing 
the substituted urea are cheap and available in every laboratory. 
It is to be hoped that two methods submitted by Hans Fischer 
for preparing pyrroles are a forecast of the appearance in later 
volumes of examples of his remarkable porphyrin syntheses. 
The choice of preparations has been well made; the carefully 
planned diversification of types results in a well-balanced volume. 
The procedures described are clear and explicit. Print, paper, 
and binding are excellent. NATHAN L. DRAKE 


UNIVERSITY OF MARYLAND 
CoLLEGE Park, Mp. 


FRENCH PRONUNCIATION. Mme. Jeanne S. Marie. Published 
by the Author; printed by the Planck Printing Co., Phila- 
delphia, Pa., 1935. iti + 70 pp. 14 X 21.5cm. $0.60. 


To the chemist who is not content with a mere sight knowledge 
of French and who would like to be able to pronounce French 
names and phrases with a reasonable hope of being understood, 
this little booklet should prove very helpful. Naturally a speaking 
knowledge of a language is not acquired without some oral 
instruction, but a great deal may be gained by a knowledge of 
general rules and the commoner exceptions to them. 

This booklet takes up first the vowels and then the consonants 


in alphabetical order. The rules are stated and numerous illus- 


trations are given. Exceptions are also treated. Pronuncia- 
tions are explained by means of their English equivalents rather 
than by the use of diacritical symbols. For the most part this 
seemsahappychoice. Unfortunately, there is no English equiva- 
lent of the French wu, and it is to be feared that the statement that 
this sound is approximately like u in argue is sadly misleading 
except in very limited sections of the country where this word is 
given a characteristic local mispronunciation. This, however, is 
a minor criticism and merely emphasizes our former observance 
that book study of pronunciation must be supplemented by oral 
instruction. Otto REINMUTH 


BIBLIOGRAPHY OF TECHNICAL AND INDUSTRIAL MOTION PICTURE 
FILMS AND SLIDES. 182 pp. 22 X 28cm. $1.00. 


This bibliography contains data on 1058 films and 218 sets of 
slides which offer numerous suggestions for obtaining visual ma- 
terial to enliven the assembly program or the classroom instruc- 
tion, and will bring educative entertainment to extra-curricular 
activities. 

Films are classified into 27 subjects: aeronautics, automotive 
and gas engine mechanics, construction, electricity, forging, foun- 
dry, fur industry, heating, ventilating and plumbing ,industrial 
arts, industrial chemistry, industrial economics and geography, 
jewelry, machine shop equipment, materials, mechanical draw- 
ing, mechanical operating, miscellaneous manufacturing, paint- 
ing and decorating, printing, safety, science, shoemaking, silver- 
smithing, textiles, vocational guidance, watch and clock making, 
and welding. Many are sound titles, such as films on transporta- 
tion, copper mining, manufacture of motors, steam turbines, 
chemical properties of water, sound waves, et cetera. 

Slides include film slides, lantern and glass slides, stereographs, 
and stillfilms. 

Orders for the bibliography may be directed to: Miss Beatryce 
Finn, Librarian, Industrial Teacher-training Library, High 
School of Commerce, 155 West 65th Street, New York City. 

















BERNARD PALISSY (1499-1589) 


_A sixteenth century leader in chemical technology and scien- 
tific thought, he proclaimed in France, as Francis Bacon did in 
England, the superiority of experience over the authority of the 
masters and the speculations of the philosophers. 

He invented enameled pottery, set up a factory, and manufac- 
tured beautiful pieces on which the forms of animals and plants 
are reproduced in their natural colors. He studied chemistry, 
geology, mineralogy, and agriculture, and lectured on these sub- 


jects at Paris where he lived for a time at the Tuileries. He 
was the first at Paris to institute a mineralogical and geological 


collection. His numerous works were written in French, and 
in such excellent language that they are still studied as models 
by the school children of France. 
For his devotion to Calvinism he suffered imprisonment at 
various times and finally death by burning at the stake. 
(Contributed by Tenney L. Davis.) 
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IGH-SCHOOL LABORATORY EQUIPMENT. 
Among the significant items of business scheduled 
for the San Francisco meeting of the Division of 

Chemical Education is the presentation of the report of 

the Committee on Minimum Equipment for High- 

school Chemistry. The amount of labor which has gone 
into the formulation of this report is indicated by the 

fact that the stock list which it includes is based upon a 

study of twenty-eight available state lists, one hundred 

fifteen lists from high schools in the larger cities, fifteen 
high-school manuals, and suggestions received from 
some one hundred fifty individuals. | 

The utility of the list is greatly enhanced by the fact 
that the committee has not contented itself with merely 
mentioning items of equipment by name, but has at- 
tempted to specify definitely the sizes, designs, and 
grades of equipment best adapted to satisfactory and 
economical high-school service. Furthermore, especial 
pains have been taken to insure that the specifications 
shall be self-consistent throughout. The inexperienced 
teacher who adopts the committee’s specifications as a 
guide is in no danger of discovering, too late, that his 
funnel-stems and glass tubing do not fit the holes in his 
rubber stoppers, that his stoppers do not fit his bottles 
and flasks, or that his watch glasses cannot serve as 
beaker covers. Even for the long-experienced teacher 
this consistency of specification is likely to prove a 
labor-saver. 

The importance of incorporating complete and defi- 
nite specifications into orders or requests for bids can 
scarcely be overestimated. There should not be, and 
probably is not, any significant variation in the prices 











which reliable supply houses can quote on a definitely 
specified piece of equipment in given quantities. The 
pseudo-bidding which may result, however, when speci- 
fications are omitted or poorly drawn, sometimes leads 
to uneconomical splitting of orders with consequent 
annoyance to dealers and eventual disappointment for 
the buyer, when he discovers that the lowest bid on a 
given item does not necessarily represent the greatest 
value for the expenditure. Whether or not it appears 
in the invoice, and it usually does, there is waste in 
small-order shipments for which the buyer must pay 
ultimately. If, in addition, he receives equipment of 
quality or design poorly adapted to his laboratory needs, 
the buyer is twice undone. 

The committee’s list may be of service, both as a 
guide to truly economical buying, and as an aid to deal- 
ers in efforts to standardize their offerings. 





Reproduction of a portion of 
one of the “‘Alchymist’’ pictures 
of David Teniers, the younger. 
A small reproduction of the entire 
picture is to be found on p. 303 
of the July, 1935, JOURNAL. 














OME ietters of Klaproth and Kitaibel which have 
been carefully preserved in the Hungarian Na- 
tional Museum at Budapest for more than a 
century shed new light on the early history of the ele- 
ment tellurium and reveal the characters of Baron 
Franz Joseph Miiller von Reichenstein, who dis- 
covered it in the gold ores of Transylvania, of Paul 
Kitaibel, who rediscovered it, and of Martin Heinrich 
Klaproth, who named it and made it known to the 
scientific world. Since Professor Ladislaus von 
Szathm4ry’s excellent articles! on this subject are 
in the Hungarian language and not readily accessible 
to most chemists, an English translation of the Klap- 
roth-Kitaibel correspondence is presented here. The 
original letters of both are in German. 

The gold mines of Nagy4g were discovered by 
accident. A Roumanian peasant, Juon Armenian (or 
Armindjan), who used to pasture his pig in the Nagyag 
forest, reported to Baron Ignaz von Born’s father 
that he had seen flames breaking through a crevice, 
which had led him to believe that there must be a rich 
deposit of metal there. After years of searching, Born 
found a black, leafy ore which he at first mistook for 
pyrite but which proved to be rich in gold. He and his 
partner, Wildburg, opened the shaft on April 8, 1747, 
and named it the “Conception of Maria’; the Rou- 
manians, however, called it the ‘“‘Gypsy Shaft,” for a 
Gypsy who lived nearby used to repair the miners’ tools. 
Although the Born family had no difficulty in extracting 
the gold, they were unable to determine the composi- 
tion of the ore, which, because of its rarity, was highly 
prized by collectors. This ore was found also at 
Zalatna and Offenbanya, and later in the Bérzsény 
Mountains.! 

In the latter part of the eighteenth century, a skilful 
Hungarian chemist, Colonel Joseph Ramacsahazy, 
examined the gold ores of the Bérzsény Mountains and 
was hampered in his analyses by the presence of a 
troublesome unknown substance. In describing this 
ore he used the alchemistic term ‘unripe gold,” and 
on January 30, 1781, he made a contract with another 
chemist, Matthew Bohm, to “ripen” it. Béhm de- 
ceived him, however, and was deported from Hun- 
gary. (This information was generously contributed 
by Professor von Szathmary, who obtained it from the 
Record Office in Budapest.) 

At the Maria Loretto shaft near Zalatna in the 
Facebaj Mountains (lower Fejer county), another 
white, leafy gold ore known as Spiesglaskénig or argent 





‘ 
1 SzaTtHmAry, LAszxo, ‘‘Paul Kitaibel, the Hungarian Chem- 
ist,” Magyar Gyégyszerésztud. Tarsas4g Ertesitdje, No. 4, 1-35 
(1931); ‘‘Concerning the polemics which led to the discovery of 
tellurium,” ibid., No. 1, 1-11 (1932). 
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The DISCOVERY of TELLURIUM 
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Courtesy Prof. L. von Szathmaéry 
FIGURE 1 


A very rare tellurium medallion bearing on one side the in- 
scription ‘‘Tellurium from Nagy4g, 1896” and on the other 
the words ‘Royal Hungarian smelter at Selmecbanya [Schem- 
nitz].””. The diameter is 43 mm., the thickness 5.5mm. One 
of these medallions is owned by the Hungarian National 
Museum, another by the University of Sopron. 


molybdique presented similar difficulties. When Pro- 
fessor Anton von Rupprecht of Selmecbanya (Schem- 
nitz) roasted the mineral gently on charcoal, he found 
that the metallic residue, when treated with mercury, 
gave no trace of vermilion (red mercuric sulfide). 
Since the mineral had a metallic luster, gave no test 
for sulfur, and behaved in many respects like antimony, 
von Rupprecht concluded that it must be native anti- 
mony. 

This view, however, was opposed by a distinguished 
contemporary. Baron Franz Joseph Miiller von Reich- 
enstein was born at Nagyszeben (Sibiu, or Hermann- 
stadt) in the Transylvanian Alps on July 1, 1740.* 
After receiving his elementary education in his native 
city, he went to Vienna to study philosophy and law. 
Later he became so deeply interested in mining, metal- 
lurgy, and chemistry that in 1763 he entered the 
famous School of Mines of Selmecbanya, or Schemnitz 
(which is now known as Stiavnica Batisk4, Czecho- 
slovakia). Here he studied under the capable leader- 
ship of N. G. Jacquin.! 

Upon returning to Transylvania, he served on a min- 
ing commission to reorganize the neglected mines of his 
native country, and later became director of mines im 





* This statement may serve as a correction to page 65 of the- 
first and second editions of my book, ‘‘The Discovery of the- 
Elements.” Dr. Speter and Professor von Szathmary have: 
kindly informed me that Baron von Reichenstein was born im 
Nagyszeben, not in Vienna, and that he at first mistoak. the- 
tellurium not for antimony but for bismuth. 
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A selenium medallion bear- 
ing a portrait of Berzelius. 
The diameter is about 45 mm. 
This medallion was cast at the 
Selmecbanya smelter and is 
now in possession of the Uni- 
versity of Sopron. It is ex- 
tremely rare and has unfortu- 


nately been broken. 


Courtesy Prof. L. von Szathméry 
FIGURE 2 


the Banat. When he succeeded in putting the mines 
on a paying basis, Maria Theresa entrusted him with 
similar responsibilities in the Tyrol. In 1775, al- 
though successfully established as a mining official in 
the little Tyrolian town of Schwatz, he preferred to 
return to his own country. King Joseph II gratified 
this desire by sending him to Transylvania on special 
commissions, and in 1778 appointed him as provincial 
commissioner. 

During his travels Miiller amassed a splendid collec- 
tion of minerals, which he arranged according to 
Born’s system. When he set to work in his poorly 
equipped laboratory at Nagyszeben to examine the ore 
which von Rupprecht believed to be native antimony, 
he made slow progress. On September 21, 1782, how- 
ever, he published a statement? to the effect that the 
mineral in question was not native antimony, but bis- 
muth sulfide. When the ore was melted with niter and 
tartaric acid, it did not yield antimony. It colored the 
flame blue and formed an amalgam with mercury, 
whereas antimony would have failed to give these 
reactions. 

However, after a thorough investigation which 
lasted for three years and consisted of more than fifty 
tests, Miiller concluded that the mineral contained 
neither bismuth nor sulfur, that the gold was an 
essential constituent of it, and that it also contained an 
unknown metal. He determined the specific gravity 
of the mineral and noted the radish odor of the white 
smoke which passed off when the new metal was 
heated, the red color which the metal imparts to sul- 
furic acid, and the black precipitate which this solu- 
tion gives when diluted with water.* 

Miiller then sent a very small specimen of the new 
substance to Torbern Bergman, who regularly corre- 
sponded with him and whom he considered to be ‘‘the 
greatest chemist of the present century.’’ In the reply 
dated April 13, 1784, Bergman confirmed Miiller’s 
results, mentioned Elhuyar’s recent discovery of tung- 


2 MULLER VON REICHENSTEIN, “Uber den vermeintlichen 
natiirlichen Spiesglaskénig,”’ Physikalische Arbeiten der eintrdchtt- 
gen Freunde in Wien, 1, 57 (1788). 

3 MULLER VON REICHENSTEIN, “Versuch mit dem in der Grube 
-Mariahilf in dem Gebirge Facebaj bei Zalatna vorkommenden 
vermeinten gediegenen Spiesglaskénig,”’ ibid., 1, 63-9 (1783). 
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sten, commented on the surprising increase in the num- 
ber of known metals, and added, “I am waiting im- 
patiently for your parcel so that I may work with 
larger amounts.” Unfortunately, Bergman was never 
able to work with this larger specimen, for he died in 
July of the same year. Twelve years later, Miiller, 
desirous of still further verification, sent a specimen to 
Martin Heinrich Klaproth, the leading analytical 
chemist of Germany, who analyzed it and completely 


From Szathméry, “Magyar Alkémisték”’ 


IGNAZ EDLER VON BorN 
1742-1791 


Distinguished Transylvanian metallurgist, mineralogist, 
and mining engineer. Kitaibel found tellurium in a mineral 
which von Born had incorrectly designated as argentiferous 
molybdenite. 


confirmed the discovery of the new metal.‘ In his 
report before the Academy of Sciences in Berlin on 
January 25, 1798, Klaproth named the metal tellurium 
and mentioned that the original discoverer of it was 
Miiller von Reichenstein. 

When Miiller was promoted to the office of aulic 


* WALDAUF VON WALDSTEIN, ‘Ueber den eigentlichen Ent- 
decker des Tellurerzes,”’ Vaterléndische Blatter fiir den dsterreich- 
tschen Kaiserstaat, 1, 515-6 (Oct. 3, 1818). 
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councilor, he regretfully left Transylvania for Vienna. 
He was later pensioned with the order of St. Stephen. 
He died in Vienna on October 12, 1825 (or 1826?). Al- 
though Baron von Reichenstein’s wife, Margaretha von 
Hochengarten, was German, and although he spent 
much of his life among German people and received 
many honors from the Austrians, his descendants still 
live in his native land of Transylvania. 

In 1789 the famous Hungarian scientist, Paul Kitai- 
bel, discovered tellurium independently. He was 
born on February 3, 1757, at Nagy-Marton (Matters- 
dorf), and attended the academy at Raab in order to 
prepare himself for the University of Buda. After 
serving under Professor J. Winterl as adjunct in chemis- 
try and botany,®® he received his medical degree in 
1785. 

Four laters later young Dr. Kitaibel found a new 
element in an ore from Deutsch-Pilsen which Baron 
von Born* had regarded as argentiferous molybdenite. 
At the suggestion of Abbé Estnerf and Mine Captain 
Haidinger,{ he also investigated the aurum problemati- 
cum and found that it contained the same new element 
as that in the molybdic silver. When he sent an ac- 
count of his researches to Klaproth for criticism, the 
latter gave a most favorable written report, but evi- 
dently gave no further thought to the matter. Miiller 
von Reichenstein later presented Klaproth with his 
supply of aurum problematicum, and Klaproth reported 
the existence of the new metal, tellurium, giving full 
credit to the original discoverer, Miller von Reichenstein, 


but failing to mention Kitaibel’s work on the ‘‘molybdic 


silver.” Since Kitaibel was unaware of the researches 
of Miiller von Reichenstein and had been led to the 
erroneous conclusion that Klaproth had claimed the 
discovery, he defended his priority over the latter in 
the following letter to Johann Georg Lenz, professor of 
mineralogy at Jena:’ 


March, 1800. 


I received yesterday the diploma which the Mineralogical 
Society at Jena intended for me and which you were so kind as 
tosend me. I hasten to give you my heartiest thanks and to ask 
you to express my gratitude to the famous Society for this honor 
and to assure it that I shall strive to the best of my ability to 
live up to your mutual aims. At present, to be sure, I am so 
occupied with the duties of my office, traveling, and botanical 
work that I scarcely have time to think of other activities, and 
my field is not so much mineralogy as botany and chemistry; 


5 ScHULTES, ““Einige Blumen auf das Grab Paul Kitaibel’s,” 
Flora, 14, 149-59 (1831). 

6 WurzBacu, C. von, “‘Biographisches Lexikon des Kaiser- 
thums Oesterreich,’”’ Kaiserlich-kénigliche Hof- und Staats- 
druckerei, 1864, vol. 11, pp. 337-9. This lexicon also contains 
biographical sketches of Born, Fichtel, Haidinger, Miiller von 
Reichenstein, Piller, Rupprecht, Schedius, and Waldstein. 

* Ignaz Edler von Born (1742-1791). Transylvanian metal- 
lurgist. Inventor of a famous amalgamation process of re- 
covering gold and silver. 

+ Abbé Franz Joseph Anton Estner (1739-1803). 
gist at Vienna. 

{Karl Haidinger (1756-1797). Austrian miteralogist and 
mining engineer. Father of the famous mineralogist, Wilhelm 
Karl von Haidinger. 

7 DésxiinG, H., “Die Chemie in Jena zur Goethezeit,”’ Gustav 
Fischer, Jena, 1928, 220 pp. 
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however, since I hope to find much worthy of notice on my trips 
now about to be taken at public expense, and since the chemical 
analysis of mineral products not yet sufficiently well known will 
be no less welcome to the Society than the external characteris- 
tics of the same, I yet hope, when time permits, to accomplish 
some things suited to your aims. 

On this occasion I learned that the news has been brought to 
Jena that I had discovered tellurium before Klaproth and that 
this famous chemist had appropriated my discovery to himself. 
The whole matter stands as follows: 

About twelve years ago, the professor of natural history, 
Piller,* who died here, gave me a little piece of ore from Deutsch- 
Pilsen in the Hont region, saying that it was argentiferous molyb- 


Courtesy Dr. F. Fiala 


THE FORMER SCHOOL OF MINING AND FORESTRY AT SCHEM- 
NITZ, OR SELMECBANYA 


(Now known as Stiavnica Batisk4, Czechoslovakia), where 
Miiller von Reichenstein, the discoverer of tellurium, was 
educated. When Austria-Hungary was divided in 1918, the 
collections, the library, the archives, and most of the portable 
equipment at the former Schemnitz School of Mines were 
taken to the University of Sopronin Hungary. Transylvania, 
with its historic mines of gold and tellurium, has become part 
of Roumania. 


denite and that I might determine the silver content. In some 
experiments that I made with it, I found, to be sure, that it did 
contain silver,’ but it was evident also that the remainder was 
certainly not molybdenite, but a new metal. After some time, 
I found the same mineral listed in Born’s Catalogue as molybdic 
silver. 

When Abbé Estner came here to appraise the collection of 
natural history specimens left by Piller, and I learned that this 
very expert mineralogist was workifgg on a Mineralogy, I told 
him what I had found out experimentally about the so-called 
molybdic silver and what I believe it to be. At his request, I 
repeated my previous experiments with the few fragments of this 
mineral which I still had, compiled [the results], and sent them 
to himin Vienna. The sagacious mineralogist and Mine Captain 
Haidinger, who had an opportunity to read my article, wrote me 
after a time that they believed that the Transylvanian gold ores 
(aurum graphicum, aurum problematicum) contain the same 
metal which I had found in Born’s molybdic silver; I wished to 
investigate the matter more thoroughly and found imdeed that 
the metal which was combined with the gold in the ore possessed 
all the properties found for that in the ore from Pilsen, which I 
immediately reported to Abbé Estner. 


* Mathias Piller (1733-1788), professor of natural history at 


Buda. 

8 Kraprotu, M. H., “Analytical essays towards promoting 
the chemical knowledge of mineral substances,’ Cadell and Da- 
vies, London, 1801, pp. 218-20. Klaproth found no silver in this 


ore. 
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Some time after this, Klaproth’s analysis of the molybdic 
silver appeared. To my no slight surprise, I found there the 
statement that this contains bismuth. Mr. Klaproth then came 
to Vienna, and Abbé Estner gave him my paper to read, which 
was returned to me with a very favorable utterance regarding 
my chemical work. After this, Mr. Klaproth announced his 
discovery of tellurium. From this it can certainly be surmised 
with some foundation that this famous chemist was led to this 
discovery through my work, yet it cannot be proved; and even 
if the documents which I possess were sufficient for this, yet I 
would not do it. Mr. Klaproth, with whom I had the honor 
to become personally acquainted in Berlin a year and a half ago, 
is my friend, who, it is to be hoped, will himself, when he an- 
nounces his corrected analysis of the molybdic silver, state to the 
public that I discovered the aforementioned new metal in this 
mineral before he did. If he does not do this, Abbé Estner will 
do it when he comes to this subject in the edition of his Mineral- 
ogy. Then one may judge from Klaproth’s behavior as one will; 
as long as I shall not have been the cause of it, it will not trouble 
me. But until then I must ask that no public use of information 
on this matter, either from my family or from friends, shall be 
made; the circumstances of my office demand this. 

I cherish the hope that some time I may merit your highly de- 
sired friendship, and remain, Sir, your most respectful and 


obedient servant, 
K [itaibel ]. 











Courtesy Dr. F. Fiala 
“BELHAZY” 


The building at Stiavnica Bafiska, Czechoslovakia, which 
in the eighteenth century housed the chemical and mineral- 
ogical laboratories of the former Schemnitz School of Mines. 
Miiller von Reichenstein, the discoverer of tellurium, and 
A. M. del Rio, the discoverer of vanadium, both attended 
this school. 


The following is a translation of the ‘‘very favorable 
utterance” of Klaproth to which Kitaibel referred 
in the preceding letter: 


Vienna, Aug. 1, 1796. 

I have read both of the present chemical articles which Abbé 
Estner kindly communicated to me with so much the greater 
pleasure because these give praiseworthy evidence that the author 
of them is a thoroughly practical chemist. The first of these, con- 
cerning molybdic silver, is not, to be sure, in entire agreement 
with my results; but this is easily explained, for my results 
for these constituents refer only to the individual specimen which 
I analyzed... 


Klaproth. 
[The portion of the report here omitted refers to 
Kitaibel’s paper on hydroferrocyanic acid and Prussian 
blue. ] 
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One day as Klaproth was reading Wieland’s New 
German Mercury, he ran across the following discon- 
certing statement :° 


The discovery of the new metal tellurium, which has already, 
in the first volume of the Zeitschrift fir Ungarn, been claimed by 
Professor von Schedius* for our energetic fellow-countryman 
Kitaibel (adjunct at the Hungarian University at Pest) will also 
soon be claimed for Mr. Kitaibel in the second volume of the 
Annalen der Jenaischen Gesellschaft fiir die gesammte Mineralogie. 
Mr. Klaproth in Berlin, who has hitherto been regarded in Ger- 
many as the discoverer, was merely led by some of Kitaibel’s 
articles which he read on a visit to Vienna to the further investi- 
gation of the new metal, which he named tellurium. Suum 
cuique! 


As a result of this unjust accusation, Klaproth wrote 
to Kitaibel as follows: 


Berlin, Sept. 2, 1803. 


Highly esteemed Colleague: It gives me special pleasure to 
address you by this title, for on February 22nd of this year the 
Society of Scientific Friends of this place elected you as a foreign 
member. The sending of the diploma has up to the present been 
delayed merely because Professor Willdenow,t who is taking 
charge of it, wishes to include a few books at the same time. In 
the meantime, they are ready, as Count von Waldsteint has 
noted in the preface to Volume 4B of our New Publications. 

In proportion as this occasion, like all other opportunities for 
friendly correspondence with foreign friends and members of our 
Society has been pleasant and welcome to me, just so deeply do I 
regret that this my first letter to you also concerns at the same 
time an unpleasant matter. Only within the last few days have 
I seen the fourth issue for 1803 of Wieland’s New German Mer- 
cury, in which, to my greatest astonishment, I find myself ac- 
cused, under the heading: ‘‘Further News of Hungary’s Most 
Recent Literature and Culture,’ of downright theft; in other 
words, of having robbed you of the discovery of tellurium!! You, 
my dear colleague, will understand that I can by no means allow 
this insult to my honor and staining of my reputation to pass 
unnoticed. 

To be sure, I do remember that a chemical paper was handed to 
me in Vienna with the request for my opinion of it, which resulted 
favorably. However, as far as the subject matter of it is con- 
cerned, this I have completely forgotten, and the person who 
could inform me is Estner, who is now dead. But, on my honor, 
and by all that an honest man holds sacred, I assure you that that 
paper did not have the slightest influence on my chemical ex- 
periment with tellurium. 

Long before my trip to Vienna, I had worked on this investiga- 
tion, using a specimen which had been sent here by the late Mr. 
von Fichtel** to Mr. Siegfried tt; I am also indebted to Mr. Miiller 
von Reichenstein, who was then in Zalathna, for voluntarily send- 
ing me his supply of tellurium ores, which enabled me to carry 
my earlier investigations farther. 

I urgently request and expect a prompt and obliging reply in 
order to learn whether you yourself will be so good as to arrange 
that a public denial of this accusation of plagiarism made against 
me may be made as soon as possible; which I shall regard as 


° “‘Fortgesetzte Nachrichten iiber Ungarns neueste Litera- 
(ies) Kultur,’’ Der neue deutsche Merkur, Stiick 4, 298-9 
1 A 

* Ludwig von Schedius (1768-1847). 
editor, cartographer, and humanitarian. 

{ Karl Ludwig Willdenow (1765-1812). 
who studied chemistry under Klaproth. 

Franz de Paula Adam Graf von Waldstein (1759-1823). 
Austrian botanist and philanthropist. 

** Johann Ehrenreich von Fichtel (1732-1795). 
mineralogist. 

ttt Friedrich Wilhelm Siegfried (1734-1809). German min- 
eralogist. 


Hungarian writer, 


German botanist 


Hungarian 
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valuable evidence, not so much of your own love of truth, which I 
by no means question, as of your friendly and fraternal attitude 
toward me. 

With the best regards of all the regular members of our Society, 
I have the honor to be, Sir; 


Your obedient friend and colleague, 
(Signed) Klaproth. 
Royal Chief Counselor of Medicine and Sanitation 


Kitaibel replied as follows: 


Sept. 19, 1803. 
Highly Esteemed Colleague: 

I received your letter [of September 2nd, 1803] only day before 
yesterday. Pleased though I was at first to see your esteemed 
name signed to it, yet all the more deeply was I disconcerted over 
the real occasion for it: partly because I now truly believe that 
you have been unjustly insulted; partly because your demand 
places me in an embarrassing situation from which I do not know 
how to extricate myself. In order to enable you yourself to 
judge of this matter and of what can be done to ease your mind, 
I must make you better acquainted with all the details, which 
perhaps you do not yet correctly know. 

I discovered tellurium in 1789 in Born’s so-called molybdic 
silver. The following year I mentioned it verbally to Mr. Estner 
and after some time sent him, at his request, a written article on 
the experiments I had made with this metal. He and Mine Cap- 
tain Haidinger expressed to me the opinion that the metal I had 
discovered probably lay hidden also in the [nagyagite] ‘‘Transyl- 
vanian gray gold” (as Born called the ores containing this tel- 
lurium), whereby I was led to find this metal also in the aforemen- 
tioned ores, of which Estner and Haidinger immediately received 
notice. The announcement of this discovery was delayed by 
circumstances which need not be mentioned here. 

Then you came to Vienna, obtained from Estner my article on 
the investigation of the so-called silver molybdenite and another 
one on hydroferrocyanic acid prepared in the free state, for your 
opinion, and Estner sent me your written verdict with the in- 
formation that he had also communicated to you my report on 
the metal which lay hidden in Transylvanian gold ores and had 
requested you to investigate the matter further. I rejoiced 
over this all the more because I had good reason to hope that, 
when you announced your investigation, you would mention my 
work. : 

When I came to Vienna in the following year, your discovery 
of tellurium was just being read, and Estner said that he was 
greatly surprised that you had made absolutely no mention of 
my report which had been communicated to you. It was also 
mentioned in presence of others, wherefrom I suspected no conse- 
quences whatever. After a long time I was also questioned 
verbally about the details of the affair, and a foreigner also sent 
me a written inquiry. Without knowing how they had learned 
of the matter, I answered according to my knowledge and belief. 
I now see, to be sure, that it would have been better if I had sup- 
pressed what I knew; but you see, too, that we were both wrong 
you, in that you did not mention what you had learned of my 
discoveries through Mr. Estner; and I, in that I mentioned 
what I knew. 

You will understand that it is now difficult to set matters right. 
I cannot say that you knew nothing of my experiments; my 
article dated by Estner, your written statement, and Estner’s 
letter prove the contrary. If you were to say that you had for- 
gotten about it and had already made the discovery earlier, I and 
many others would not doubt it, but this would not sufficiently 
vindicate you before all men; although no one would have 
doubted your discovery if you had previously said that you had 
made it before your trip to Vienna. If I were to say that the 
details of the matter were other than what I have just written, and 
which are already known, I would be contradicting myself and 
speaking falsely. 

Under such circumstances I do not know what you mean by 
public denial which you demand of me. I can give you a'state- 


Courtesy Dr. L. von Ssathméry 


PAUL KITAIBEL 
1757-1817 


Hungarian chemist and botanist who anticipated 
Klaproth in his researches on tellurium. The original 
discoverer of this element, however, was Miiller von 
Reichenstein. 


ment that my two papers . . . which Abbé Estner gave you in 
Vienna for your verdict were not concerned with the tellurium 
of the Transylvanian gold ore but with Born’s molybdic silver 
and free hydroferrocyanic acid; I can add that I believe that 
you discovered tellurium without knowing anything about my 
researches, if that will satisfy you. If you can with justice de- 
mand more, I ask you to mention it and you will always find .. . 
me ready to do everything which your honor demands and mine 
permits, for I willingly believe you. That you forgot the contents 
of my paper, that you discovered tellurium without knowing 
anything about this, and that, although the premises are true 
and give cause for detrimental consequences, you were unjustly 
insulted. 
I remain, however, with best regards, Sir, 


Your devoted and respectful friend, 
K [itaibel | 


Klaproth replied as follows: 
Berlin, Oct. 4, 1803. 
Highly esteemed Colleague: 


I am greatly indebted to you for your obligingly prqmpt reply 
to my last letter. I must confess, however, that its contents by 
no means fulfilled my expectations as completely as I had hoped. 
In the meantime I ask you to pardon me if I am wrong [in be- 
lieving] that there still remains in your mind some doubt as to 
the truth of my explanation: that the article which Estner com- 
municated to me in Vienna has not had the slightest influence on 
my experiments with tellurium. Only now does your present letter 
recall to my mind that I have been concerned with the subject 
of molybdic silver; but, as regards what you said about it, even 
at this moment I remember not a single syllable, and I all the 
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more regret that you did not publish this work of yours long ago. 
I boldly and confidently ask all my friends, here and abroad, 
who know me better, if it is in any way compatible with my char- 
acter to be a plagiarist and if they cannot attest on the contrary 
that discoveries which belong to me have reached the public 
through others, without my being able to claim them. Yes, 
indeed. Even today I would rather have made a dozen fewer 
discoveries than to bear for a moment the slightest suspicion that 
I could seize the literary property of others. 

I believe I have already mentioned in my preceding letter that, 
several years before my trip to Vienna, perhaps in 1785 to 1786, 
I had already worked with the so-called auro problematico which 
the late Mr. von Fichtel had sent here to my honored friend, 
Treasurer Siegfried, and that I was guided by the experiments 
which Mr. Miiller von Reichenstein had made and had described 
in the Physical Researches, and whose belief that it contains a 
new metal I found to be well grounded; to which conclusion the 
beautiful criterion previously announced by M. v. R., the red 
color which this metal imparts to sulfuric acid, was also of special 
value. Several of my friends here and members of my audience 
at that time can and will testify to this. 

Now just what have I done? Nothing, except to carry out a 
few little experiments in addition to those published by Mr. M. 
v. R. on the ore which he himself supplied. But I must almost 
surmise that you have not seen my complete paper on tellurium. 
Otherwise you could not possibly retain the error that I... [have 
claimed] the discovery. Nowhere have I said that; on the con- 
trary, I have expressly and emphaticaly explained that the credit 
for the discovery belongs to Mr. Miiller von Reichenstein. Can 
one more definitely observe the suum cuique? Now since I 
have never claimed the discovery, it is now as clear as day that 
I cannot have robbed anyone of this honor. I shall now leave 
it to you, esteemed colleague, as to what course you may deem 
best to give complete satisfaction as soon as possible for my pub- 
licly insulted honor which, to this day, suffers blamelessly, with- 
out compelling me to appear in my own defense; for I hate scho- 
lastic feuds like sin. If this be done to my satisfaction, as I have 
occasion to hope that it will, it will incomparably increase my 
esteem and respect for you as a friend and colleague whose zeal 
and services in one of the most beautiful branches of natural 
science I gladly recognize and honor. 

With highest esteem, I remain, Sir, 


Your obedient friend and colleague, 
(Signed) Klaproth 


Thoroughly convinced of Klaproth’s integrity, 
Kitaibel promptly published the following explana- 
tion:'° (Since the circumstances which gave rise to 
the unjust charge against Klaproth were stated in 
detail in the preceding letters, they may be omitted 
here.) 


Pest, Oct. 18, 1803 


. .. The correct conclusion to be drawn really amounts to this: 
that I discovered tellurium in a misunderstood and hitherto un- 
certain ore at a time when the individuality of this metal and its 
existence in the Transylvanian gold ores had not been publicly 
confirmed through the excellent researches of Mr. Klaproth, and 
more than this I did not wish to claim for myself, as can be seen 
from the Zeitschrift von und fiir Ungarn, volume 1, page 275 ff. 
For Mr. Klaproth has himself pointed out in volume 3, page 16 
of his Beytrdgen that the credit for the original discovery of tel- 
lurium belongs to Mr. Miiller von Reichenstein, aulic counselor 
[Hofrath ]. 

However, further inferences have been made and conclusions 
drawn from the aforementioned circumstances that Mr. Klap- 
roth had borrowed from me the discovery of tellurium, which I 


10 KiTAIBEL, P., “Erklarung,’”’ Gehlen’s Allgem. J. der Chemie, 
1, 460-1(1803). 
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hereby declare on the following grounds to be highly unjust and 
false: In the first place, Mr. Klaproth’s blameless character is 
a security that he, who had no need for such a despicable means of 
increasing his great deserts and his most widespread renown, was 
incapable of any such action; in the second place, his researches 
on tellurium and tellurium ores are so extensive that they could 
not have been carried out so completely in the short time in which 
they appeared after his departure from-Vienna; in the third 
place, there is considerable difference between Mr. Klaproth’s 
researches and my own, not only in the success of a few experi- 
ments, but also in the completeness of their execution. I found, 
for example, that tellurium is precipitatéd from nitric acid by 
water and that the concentrated sulfuric acid from this metal 
becomes at first brown, then red, and finally, after continued 
heating, becomes colorless again. Mr. Klaproth’s investigation, 
on the contrary, left mine far behind in completeness, hence the 
two cannot be compared; finally, Mr. Klaproth could certainly 
not borrow from me a discovery which belongs neither to him nor 
to me (NB. For [the statement]: ‘Mr. Klaproth has himself 
already pointed out in volume 3, page 16 of his Beytragen that 
the credit for the original discovery of tellurium belongs to Mr. 
Miiller von Reichenstein, aulic counselor” has been mentioned 
here on page 461!), as Abbé Eder* has so correctly observed in the 
Zeitschrift von und fiir Ungarn, volume 2, page 90. 
Paul Kitaibel, Professor. 


Professor Kitaibel’s love for botany was stimulated 
by his opportunity to arrange the rich herbarium of 
Counselor Mygind, a friend of Linné. In 1793, aftera 
scientific tour of Croatia, he returned to Pest to join 
the staff of the school of pharmacy. After manag- 
ing the botanical garden for a time, he became a pro- 
fessor of botany and chemistry, giving no lectures, 
however, but spending most of his time on scientific 
expeditions. In 1795 and 1796 he studied the cha- 
lybeate spring at Bardiov [Bartfeld, or Bartia] and the 
flora of the Carpathians, and with Count Franz Adam 
von Waldstein explored the territory around the Sea 
of Marmora. On a visit to Berlin he met Willdenow, 
who later named a genus of malvacee Kitaibelia in his 
honor. He also explored the beautiful shores of Lake 
Balaton (the Plattensee, famous for its delicious fish), 
the fertile Banat, and most of Hungary. 

Kitaibel published a number of books and articles 
on the flora and mineral waters of Hungary, and, ac- 
cording to Professor L. von Szathméry,'! he was the 
first to prepare solid bleaching powder and use it for 
bleaching textiles. Kitaibel died at Budapest on 
December 13, 1817, at the age of sixty-three years; 
Klaproth’s life had come to a close on New Year's 
Day of the same year. One of their younger contempo- 
raries wrote for the botanical journal Flora a memorial 
article entitled ‘‘“Some Flowers on the Grave of Paul 
Kitaibel,”> in which appears the following char- 
acterization: ‘‘Honest and outspoken, expressing his 
opinion openly among his friends, and brandishing the 
lash of the satyrs, he disdained (although sought out. 
because of the kindness of his disposition, the extent of 
his knowledge, and the force of his intellect) all vain. 
social formalities .. .”’ 


* Joseph Karl Eder (1760-1810). Transylvanian historian 


and mineralogist. 

11 SzATHMARY, L. VON, ‘“‘Paul Kitaibel entdeckt den Chlor- 
kalk,” em 55, 645 (Aug. 22, 1931); zbed., 55, 784 (Oct. 
10, 1931). 
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Kitaibel’s valuable library was purchased by the 
National Museum of Budapest, which still treasures 
the letters which have here been cited. Although this 
intimate correspondence refers to a disconcerting and 
embarrassing situation in their lives, it casts no shadow 
on the reputation of either Klaproth or Kitaibel. 
Their names, on the contrary, shine all the more 
brightly today because they refrained from the bitter 
polemics of the printed page and settled their serious 
misunderstanding through the exchange of these 
restrained and courteous letters. 


The author is deeply indebted to Dr. Max Speter 
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of Berlin and to Dr. L. von Szathmary of Budapest 
for the use of their notes and of the Klaproth-Kitaibel 
correspondence, for their many gracious and helpful 
suggestions, and for the reading of the manuscript; 
and to Dr. Frantisek Fiala, director of the State Mu- 
seum of Mines of Stiavnica BanskA, for his kindness in 
sending photographs and information regarding the 
former School of Mines of Schemnitz. It is also a 
pleasure to acknowledge the assistance received from 
the Graduate Research Fund of the University of 
Kansas for translations from the Hungarian, which were 
made by Mr. Julius Nagy of Chicago. 





dn EVALUATION of the STRUCTURAL 
THEORY of ORGANIC CHEMISTRY.’ I 


JAMES K. SENIOR 


George Herbert Jones Laboratory, The University of Chicago 


HE PURPOSE of the present course, as ex- 
plained to me, is to exhibit to organic chemists 
some of the recent progress in other branches of 
chemistry, and to suggest how this new knowledge may 
aid in the solution of problems within the organic field. 


The organizers of the course have thought fit to open 
the series with an introductory talk intended to show 
how far organic chemists have already advanced as a 
result either of their own efforts, or of assistance given 


them in the past. T“iis lecture will therefore treat the 
following questions: 

(1) What are the ultimate aims of organic chemistry? 

(2) To what extent have these aims already been 
accomplished ? 

(3) What remains to be done; in particular what are 
the unsolved organic problems upon which it is hoped 
that other scientists may throw light? 

The aims of organic chemistry are, so far as I can 
see, no different from those of chemistry in general, 
and the objective may well be envisaged by considering 
an imaginary future in which experimental chemistry 
is to be a finished science, and all possible facts called 
chemical are to be deducible from data already known. 
Of course I have no notion that any such state will be 
reached within a finite time, and no reasonable person 
would expect that more than slight progress toward 
this goal should already have been made. But present 
accomplishments may be compared with the proposed 
ideal and from the comparison may be obtained hints 
as to the direction of current chemical effort. 


* Introductory lecture of a series dealing with organic chem- 
istry in the light of the present-day physical and chemical theories, 
delivered at The University of Chicago during the summer quarter 
of 1934. (June 19th.) Although the lecture as delivered is a 
coherent whole, it seemed necessary, because of its length, to 
divide it into two parts for publication. The second part will 
appear in the following number. 


If chemistry had reached the finished state indicated, 
the following conditions would prevail. There would 
be for every chemical compound a formula which would: 
(1) uniquely identify the compound in question; 
(2) permit the determination (either by inspection or 
calculation) of all the physical properties of the com- 
pound formulated, as well as its reactions with all other 
compounds for which similar formulas were given. 
To stress the formulas of chemistry as opposed to 
chemistry itself may perhaps cause some surprise. 
But I make no apology for so doing. One hundred 
fifty years ago Lavoisier asserted that a science and the 
language of that science are two “imprints from the 
same type”; and today it is almost impossible to imag- 
ine any precise idea for which a linguistic expression 
but no suitable symbolic representation can be found. 
As far as theoretical chemistry is concerned, its formulas 
constitute its language, and its language constitutes 
the science. This lecture will therefore deal with or- 
ganic chemical formulas. What do they tell; what 
might they tell; how may they be improved so that 
they will tell more than they now do? 

But if no limitation other than the one just stated 
were placed on the discourse, it would have to include a 
great deal of speculation which anyone may perform 
for himself. The topics mentioned will therefore be 
considered only within the framework of the atomic- 
molecular hypothesis as now generally accepted. 
About what will happen to chemistry and chemical 
formulas if this hypothesis is ever abandoned, you 
already know as much as I do. 

The two main purposes of a chemical formula are: 
(1) the identification of the compound formulated; 
(2) the precise determination either implicitly or ex- 
plicitly of all the physical and chemical (that is, re- 
active) properties of the compound in question. So 
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far, these two desiderata have been mentioned in equal 
terms, but a little consideration suffices to show that the 
first is far more important than the second. A formula 
which gives only fragmentary information about the 
compound to which it refers may still be very service- 
able. If it leaves in the mind of the chemist any doubt 
about the identity of the compound symbolized, it is 
well-nigh useless. A convenient method of treating 
the subject is, however, to put the cart before the horse 
and to begin by a discussion of organic formulas with 
respect to their usefulness in recording and predicting 
properties and reactions. It will be assumed for the 
moment that they do uniquely identify the compounds 
to which they refer, and the question how far this as- 
sumption is justified will be taken up later on. 

The simplest formulas which need be considered here 
are those usually called molecular, such as C4Hio or 
C.H,O. Formulas of this kind were devised as soon 
as the atomic-molecular hypothesis was proposed, and 
were intended to record only analytical data—the 
results of certain particular forms of reactivity. It is 
of course essential that all analytical processes admitted 
to be appropriate for a given compound should lead 
to the same molecular formula; otherwise no formula- 
tion in accordance with the atomic-molecular hypothesis 
would be possible. Chemists have, however, dodged 
this difficulty by what at first sight appears to be a 
trick. When various analytical methods give dis- 
crepant results for the same compound, it is never con- 
cluded that the compound in question has no unique 
molecular formula. Instead, all but one of the con- 
flicting methods are declared to be inapplicable. But, 
so far as I know, in every well-investigated instance, 
good grounds have been found for the exclusion of all 
but one set of compatible procedures. Hence the prac- 
tice, which has the superficial appearance of chicane, is 
not in fact a subterfuge employed to save the face of 
Dalton’s theory. 

It was early recognized, however, that analytical 
data by themselves are usually insufficient to justify 
a molecular formula; because of the phenomenon 
known as polymerism, determination of the molecular 
weight is also necessary. Here the physical chemists 
have rendered invaluable service to organic chemistry. 
In so far as compounds can be vaporized or brought 
into dilute solution without decomposition or dissocia- 
tion, the question of molecular weight may be regarded 
as practically settled. But pure liquids and solids are 
still problems, partly because of unwise extension of 
the field in which the term molecule is applied. Present 
conditions would, I think, justify two statements: 

(1) It is doubtful in many solids and perhaps some 
liquids whether a unit can be found which corresponds 
in any useful way to a single molecule in the gaseous 
or dissolved state. 

(2) Where such a unit can be identified, its molecular 
weight is frequently not the same as the molecular 
weight of the same substance in the gaseous condition 
or in dilute solution. 

The absence of precise information in regard to the 
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molecular weights (if they exist) of solids has been of 
little hindrance to organic chemistry. The organic 
chemist needs formulas for compounds in their reactive 
states, and all except a minute fraction of known reac- 
tions occur in the fluid phases. But association in 
liquids, the solvation of solutes, and indeed the whole 
chemistry of concentrated solutions present difficulties 
which have never been entirely overcome. These are 
of course classic probiems in physical chemistry, and a 
great deal of earnest thought has been devoted to their 
elucidation; but the organic chemist still needs, and 
would welcome, much more information on these points 
than he has yet received. During the remainder of this 
lecture attention will be confined largely to the ques- 
tion of the adequacy of formulas for dispersed sub- 
stances. 

The main problems to be here discussed really begin 
with the recognition that, for most carbon compounds, 
a molecular formula, as fixed by percentage composition 
and molecular weight, is an inadequate means of regis- 
tering anything besides stoichiometric data. Such a 
formula in general does not uniquely determine the 
compound to which it refers, and gives almost nothing 
about reactive properties. As far as the second defect 
is concerned, organic chemists might have limped along 
with these unsatisfactory molecular formulas, but recog- 
nition of the widespread occurrence of isomerism forced 
them to elaborate their symbolism. 

Within a few years after the first isomers were dis- 
covered, Berzelius made a suggestion which still guides 
organic chemistry. He proposed that, since the mole- 
cules of isomeric substances contain equal numbers of 
atoms of like kinds, the differences in the properties of 
such substances be accounted for by differences in their 
intramolecular arrangements or structures. So far as 
I know, no one has ever seriously considered whether 
there exist hypotheses other than that of Berzelius 
which might also explain isomerism. The extraordi- 
nary success of the structural theory has diverted the 
efforts of organic chemists into a single channel. I 
have no alternative to suggest, but it is nevertheless 
well to remember that Berzelius was only a chemist of 
extraordinary ability, and not a prophet with a revela- 
tion from on high. 

Between the acceptance of the general idea that isom- 
erism is caused by differences in intramolecular ar- 
rangement and the discovery of a particular scheme of 
arrangement adequate to account for observed isomers 
there is a wide interval. The history of organic chem- 
istry between 1835 and 1865 might be epitomized as a 
search for such a scheme. The first great step toward 
a solution of the problem was the theory usually associ- 
ated with the name of Kekulé, although several other 
investigators contributed to its construction. This 
idea is one of the most remarkable generalizations 
which has ever emanated from the human mind. No 
true appreciation of the subsequent successes and fail- 
ures of organic chemistry is possible without an under- 
standing of the essential content and limitations of the 
Kekulé structural theory. 
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The formulas based upon this theory tell whether any 
two given atoms do or do not lie “‘next’”’ to one another 
in the molecule. There can be little doubt that Ber- 
zelius conceived of the intramolecular arrangement as 
an arrangement in three-dimensional Euclidean space. 
Probably Kekulé held similar views, but his theory is 
independent of any such limitation. Logically con- 
sidered, adjacency or nextness is a symmetric, irre- 
flexive, non-transitive relation which does not necessarily 
require a space interpretation. On the map, Indiana 
is next to Illinois and not next to Iowa; on the calendar 
Tuesday is next to Wednesday and not next to Thurs- 
day; in the army, first lieutenancy is next to captaincy 
and not next to majority. In the number 24, six is the 
next factor larger than four. One great beauty of the 
structural theory is that, though it assumes a relation 
of adjacency between atoms, it need postulate nothing 
concerning a manifold in which the discrete atoms may 
be embedded. The practice of organic chemists has 
been to picture such adjacency relations as space rela- 
tions, and to assume that the particular space involved 
is the one treated in the high-school textbooks. This 
notation is doubtless the most convenient yet dis- 
covered; indeed it may be questioned whether a handier 
one ever will be found. But mere convenience should 
not lead to a confusion of the essential idea represented 
with the fortuitous peculiarities of the conventional 
representation. As far as the structural theory is con- 


cerned, there is no need to assume that intramolecular 
space is Euclidean, nor even to assume that atoms and 


molecules are localized in either time or space. It may 
be that they are so localized, but if it were to be proven 
tomorrow that they are not, the structural theory would 
continue to hold with undiminished force and accuracy. 

However, if the structural theory is independent of 
space considerations, what does it tell about any par- 
ticular substance to which it is applied? All it gives is 
a set of adjacency relations between the discrete atoms 
(finite in number) which compose each molecule of 
that substance; hence the question amounts to asking 
“‘Have such sets of relations ever been named?” The 
answer is ‘‘Yes.”” Mathematicians have devoted to 
these systems an exhaustive study and their findings 
constitute an important part of what is known as 
Analysis Situs or Topology. Every such set of relations 
may be embodied in a diagram and moreover (by the 
use of convenient devices) in a two-dimensional dia- 
gram. Structural formulas are analysis situs or topo- 
logical diagrams of molecules. 

From this fact follow at once certain conventions 
which are annually explained in every first-year course 
on organic chemistry. In topological diagrams the 
lengths of the lines and the magnitudes of the angles are 
without significance. Hence, in the structural formula 
for ethane, it makes no difference whether or not the six 
carbon-to-hydrogen lines are drawn all of the same 
length. The adjacency relations are independent of 
such variations in notation. Again, in the diagram for 
propane, the magnitude of the angle between the car- 
bon-to-carbon bonds is immaterial. The substance is 
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the same propane in any case. Everyone admits the 
insignificance of such details, and this admission 
amounts to recognizing that the system used is not re- 
stricted by all the postulates of ordinary Euclidean 
geometry. 

The question then at issue is: ‘How far are the 
topological diagrams called structural formulas suc- 
cessful in describing the substances to which they re- 
spectively correspond?” Here a distinction must be 
made between the properties used to determine the 
formula under consideration and those not so used. 
The structural theory, in so far as it accounts only for. 
properties of the first kind, cannot claim to be more than 
an ingenious method for registering empirically deter- 
mined facts. When it transcends this limitation, it 
ceases to be a mere notation and becomes a theory serv- 
ing the main purpose of all scientific theories, predic- 
tion. 

But though notation is here subordinated to theory, 
the invention of a notation so successful as that em- 
ployed in the structural theory is by no means a trivial 
feat. It is highly astonishing and highly creditable to 
the acumen of Kekulé and his contemporaries that so 
simple a notation as a topological diagram should so 
frequently serve as a workable scheme for recording a 
considerable portion of the reactions of the substance 
to which the diagram refers. In other words, it is sur- 
prising that, from the reactions of a compound, there 
can usually be obtained a uniquely determined topo- 
logical diagram which, though it may shed little light 
on much of the behavior, is nevertheless not in con- 
tradiction with any known reaction of the substance in 
question. Nor should discredit be attached to the in- 
ventors of the scheme because their original idea does 
not always work perfectly. Several classes of com- 
pounds are known, among them the phenyl (and other 
similar aromatic) derivatives, as well as the so-called 
tautomeric mixtures, for which every static structural 
formula yet found conflicts with some part of the be- 
havior of the substance formulated. And here the 
introduction of subsidiary dynamic hypotheses has 
proven sufficient to account for the facts. This subject 
will be more fully discussed later on. : 

A large part of the literaturé of organic chemistry. 
might be described as commentaries, in particular in- 
stances, on the relative success or failure of the struc- 
tural theory (with its implied formulas) as a means of. 
registering or predicting chemical properties. Obvi- 
ously a general discussion of this question is impossible. 
in a single lecture. Both the strong and the weak 
points of the theory can, however, be illustrated by a 
brief treatment of one topological item, the double bond. 
Here two questions arise: 

(1) Why is a double bond put into a structural for- 
mula? 

(2) What reasoning leads to the location of this 
symbol at a particular point in the diagram? 

Unhappily, organic chemistry is not in such condition 
that a brief and uniformly applicable reply can be given, 
to either query. : 
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Let us begin with ethylene. In its structural for- 
mula, both the presence and location of the double 
bond are dictated by the postulates that carbon is 
quadrivalent and hydrogen univalent. Further investi- 
gation shows that ethylene differs from many other 
compounds in that, under proper conditions, it adds 
hydrogen so that its molecular weight is increased by 
two. With compounds of the formula C;H¢, complica- 
tions arise. The structural postulates limit the num- 
ber of compounds to two, one with a double bond, 
the other with a three-membered ring; and in fact 
two hydrocarbons, C;Hs, are known. Judging by ex- 
perience with ethylene, the one with the double bond 
should add hydrogen; but this reaction fails as a proof 
of formula, for both substances add hydrogen to give 
propane, though with different degrees of readiness. 
To determine the structure of propylene, recourse must 
be taken to more complex data—notably the number of 
isomeric substitution derivatives. Thus the double 
bond registers more experimental facts in the formula of 
propylene than it does in that of ethylene. With com- 
pounds of the formula C,Hs, the complications become 
still greater, and not only the presence but also the 
location of the double bond is of significance as a record 
of observed reactions. 

Such are the relatively simple cases. The real dif- 
ficulties begin when the molecular weight gets so high 
that the best analytical results are no longer of clear 
significance. A compound with the formula CywHg 
contains 0.3% more hydrogen than. one with the for- 
mula CyHg. This difference lies just outside the 
probable analytical error, assuming that the sample 
analyzed is perfectly pure—an assumption which, 
however, is rarely admissible in compounds of high 
molecular weight. Under these conditions very little 
can be deduced from the stoichiometric findings alone. 
How then is it to be decided whether a double bond is 
present or not? Various methods might be suggested. 
The one here chosen would probably be considered 
by most chemists to be as good as any, and by many 
to be preferred. 

Experiments with substances of low molecular weight 
show that when the structural formula contains one 
double bond, the compound usually adds one mole of 
hydrogen. Unfortunately, structures involving a single 
cycle sometimes do the same thing, so that the test 
is not a positive one. Moreover, among unsaturated 
compounds wide divergences between the rates of addi- 
tion appear. Minute traces of impurity frequently 
exercise pernicious effects on catalysts. If a compound 
fails to add hydrogen, does that fact indicate beyond 
doubt that no double bond is present? 

It must be candidly admitted that complete certainty 
on such points is denied to the organic chemist in the 
present state of his science. He may however arrive 
at a conclusion which is highly probable. His hydrogen 
addition test is a good, though not a certain, indication 
of the presence of a double bond. To confirm his de- 
cision, he may appeal to the empirically determined 
rules regarding indices of refraction, melting points of 


JouRNAL OF CHEMICAL EDUCATION 


compounds with closely related formulas, addition of 
halogens, oxidation reactions, etc. He is nearly sure to 
atrive eventually at a conclusion which satisfies all 
critics. But when he has so arrived, no one can tell 
without reading the details of his procedure just what 
behavior the double bond in his formula is supposed 
to record; thus until the method is specified, the pre- 
dictive value of the symbol is indeterminate. 

Suppose, however, that this difficulty is dodged by an 
assumption which I consider quite arbitrary and which 
I introduce merely to simplify the argument. For- 
getting ring compounds, poisoned catalysts, and all 
other complications, let it be assumed that the formulas 
which contain double bonds correspond perfectly with 
the compounds which add hydrogen—in other words 
that the presence of the double bond in any formula 
records the positive outcome of the hydrogen addition 
test. Under these highly idealized conditions, what 
would be the predictive value of this symbol? Usually 
a compound which adds hydrogen at a double bond be- 
tween two carbon atoms also adds halogens at the 
same point. The correlation is good but by no means 
perfect. Neither is the correlation equally good for 
the addition of all the different halogens. For the ad- 
dition of halogen acids it is worse, though still pretty 
fair. Furthermore, if there is but one double bond in 
the compound, that is frequently the preferred point 
for the attack of oxidizing reagents. But there are 
plenty of exceptions. 

The worst weaknesses of the theory appear, however, 
when more detailed questions are asked. Suppose a 
double bond, the presence of which is determined by the 
hydrogen addition test, does absorb bromine. How 
firmly are the two bromine atoms held? In such cases 
one may well throw up one’s hands. The literature is 
studded with little rules—small generalizations which 
hold good over small ranges, the limits of which are 
imperfectly known. Before long, the answer to a ques- 
tion becomes a matter of opinion as to the relative force 
of conflicting analogies, and the judgment of the best 
organic chemist is good only within the range of his 
personal experience. 

So much for the double bond. The picture is none 
too bright, and yet this symbol is among the most suc- 
cessful of those used in structural formulas. Lack of 
time forbids detailed discussion of others, but there is 
scarcely one, the value of which exceeds that of the 
double bond, while many are much less successful as 
devices for either recording or predicting. It is hard 
to criticize this state of affairs without appearing un- 
just or ungrateful to preceding generations. I would 
be neither. Whatever order exists in organic chemistry 
is due to their efforts, and, far as the present system 
may lag behind what is needed, without it there would 
be chaos. A good organic chemist applies his frag- 
mentary knowledge with judgment and discretion; a 
poor one does not. 

In my opinion a fair summary of the situation is about 
as follows. As records of the observed reactions which 
determine them, structural formulas are of limited 
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usefulness. Their chief defect is that they indicate 
not particular reactions but rather classes of reactions, 
any member of which might possibly have been 
used. Unless the method of determination it speci- 
fied, any attempt to predict from such a formula is 
apt to result in a vicious circle of reasoning. Even 
with this difficulty obviated, the predictive value of 
structural formulas, though by no means nil, is a mere 
fraction of what is desired, and is never sufficient to 
establish more than a high probability. 

Let us turn next to certain quasi-historical considera- 
tions. Approximately fifty years have elapsed since 
the structural theory received its severe test at the 
hands of von Baeyer. During this half-century chem- 
ists have not learned to write a better formula for 
indigo than von Baeyer wrote, nor to read from von 
Baeyer’s formula much more than von Baeyer was able 
to read. Throughout this period the progress of or- 
ganic chemistry has been almost entirely extensive. 
It is possible today to write many more structural for- 
mulas than von Baeyer could write, and with a high de- 
gree of assurance to assign structural formulas to com- 


pounds far more complex than any which von Baeyer | 


could have handled. But when all is said and done, 
the modern procedure is not different from his. It is 
merely carried out oftener, faster, and in more difficult 
cases. 

Various reasons, depending largely on the tempera- 
ment of the reasoner, might be given for the failure of 
organic chemistry to make any considerable intensive 
progress. My own view is that the chief cause is to be 
found in the continued adherence to a form of notation 
due principally to Crum Brown and still in very wide 
use. Crum Brown adopted the dot as a symbol for the 
atom and the straight line as a symbol for valence. 
Since atoms of different elements sometimes have the 
same valence, he was forced to discriminate between 
the various sorts of (say) bivalent atoms by labeling 
his dots in various ways, and the Berzelius letters for 
the elements were a natural choice for such discrimina- 
tory symbols. He might, however, just as well have 
adopted a polychrome notation or any other similar 
device; the form of the letter symbol has nothing to do 
with the nature of the atom symbolized. In my opin- 
ion, the failure to read out of dot-atom line-valence 
formulas much more than von Baeyer could read makes 
it highly probable that von Baeyer had already practi- 
cally exhausted the possibilities of such formulas. Cer- 
tainly I cannot prove this contention, but I think or- 
ganic chemistry is not likely to make much intensive 
advance so long as no more complex system of notation 
is adopted. 

To speculate in armchair fashion on the form which 
changes might advantageously take is easy enough. 
Structural formulas have a number of degrees of free- 
dom. Considering only the valence lines, the lengths 
of these lines and the magnitudes of the angles between 
them are without significance in topological diagrams. 
If a meaning were attached to these features, much 
more information could be recorded by the formulas, 
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and much more deduced from them than is now pos- 
sible. For example, if organic chemists had (as they 
do not yet have) a means for breaking any valence bond 
at will, and measuring the energy necessary to disrupt 
the molecule at the point in question, the amount of 
this energy (or better, its reciprocal) might well be 
expressed by the length of the valence line. Similarly, 
the magnitudes of the angles between the valences 
might also be valorized in a variety of ways. 

But though it is easy to make such theoretical sug- 
gestions, to find one which under existing conditions 
can be uniformly applied is a most difficult task. For 
twenty-five years (at least) organic chemists have been 
experimenting along this line. Usually they have not 
tampered much with the dot-atom, but have devoted 
their attention to devising a symbol for valence which 
should be more informative than the straight line of the 
classic theory. A number of so-called electronic theo- 
ries have been proposed, and the variety of notations 
suggested for expressing a few not too complicated 
ideas is fairly bewildering. But these apparently dis- 
tinct views, when stripped of the picturesque language 
which disguises them, turn out to have a strong family 
resemblance. The length of the valence line is to indi- 
cate in some manner (about which there is still no 
unanimity of opinion) the energy involved in the union 
of the two atoms which it connects. On the straight 
line valence is to be placed a cross-hair, the position of 
which is intended either to indicate the behavior of the 
molecule when it is split by a polar reagent at the point 


in question, or (if the valence is one of a double bond) 
to show the direction of addition of a polar reagent. 
An example will perhaps make the idea clearer. Fluoren- 
one may be hydrolyzed to diphenyl-2-carboxylic 
acid. 


Oar (0 » ys 


H 


If this behavior were indicated by the symbol (A), 
then the symbol (B) would ‘call for the reaction 
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which, as a matter of aa does not occur. If both acid 
and aldehyde were produced simultaneously, the cross- 
hair would be placed somewhere along the line in a posi- 
tion to show the relative proportions of the two reac- 
tion products. 

The difficulties inherent in such a system are consid- 
erable. First, in directed addition or hydrolysis, the 
proportions of the reaction products often vary with 
changes of temperature, pressure, etc. That is, a 
straight line with a fixed cross-hair is not a symbol for 
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a particular valence bond at all times, but for that bond 
under definite physical conditions. Furthermore, even 
at a given temperature, the proportions of reaction 
products sometimes vary with the reagent used. Hence 
the position of the cross-hair is affected not only by 
the physical but also by the chemical environment of 
the molecule. In view of such complexities, progress 
toward the development of a self-consistent system 
has naturally been slow. 

But beyond these inherent difficulties, many organic 
chemists have been further hampered by a strange pre- 
dilection. For some reason they have chosen to iden- 
tify their cross-hair with the electron or the pair of elec- 
trons of the physicist. The misery which this infatua- 
tion has caused them is hard to estimate. They have 
become involved in problems of electrodynamics, spec- 
troscopy, wave mechanics, etc. Since many of them 
have never had any training in such subjects, the out- 
come illustrates the unfortunate results which follow 
the attempt to “madly squeeze a right-hand foot into 
a left-hand shoe.” 

No generally accepted system has yet resulted 


















electronic, but which I prefer to call cross-hair theories. 
However, the reasons for attempting to advance in 
this direction are (as I hope to have shown) well founded 
and the results fairly deserve to be called promising. 
If organic chemists can ever be induced to develop the 
notations suitable to their own needs without regard 
to the quite distinct needs of other disciplines, much 
may be expected. Moreover, once they have taken 
this step, they may look hopefully for aid from their 
fellow scientists. As long as they remained wedded to 
their classic symbols, it was improbable that any out- 
sider less experienced than themselves in manipulating 
these ideographs could be of much help tothem. Hav- 
ing abandoned this practice, and having adopted a form 
of statement calculated to reveal, rather than to blur, 
the outlines of their problems, they may well find that 
considerable light on these matters is to be obtained 
from persons who are not prospective contributors to 
future editions of Beilstein. A little friendly codpera- 
tion between scientific equals is likely to be more effec- 
tive than much intellectual servility. 





















from these theories of valence which are usually called | 
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METHODS of WEIGHING 4y SWINGS 
H. L. LOCHTE 


University of Texas, Austin, Texas 


RECOGNIZED methods of accurate weighing with 
the analytical balance may be grouped into five-swing, 
equal-swing, and single-swing methods. The last 
two of these are often used but are not entirely satis- 
factory in the hands of the undergraduate student 
using the typical high-grade balance. The five-swing 
method is usually recommended in textbooks, but ex- 
perience with data obtained with a number of sets of 5. 
swings indicates that the rest point calculated from a 
single set of 5 swings may differ from the average of 3 
such sets by as much as 0.1 mg. Since the use of 3 
sets of 5 swings makes weighing excessively tedious and 
time-consuming, especially when several students have 
to use the same balance, a study of various swing meth- 
ods was undertaken in an effort to avoid the use of such 
an expensive method. 

Eight balances were selected at random from a group 
of 42 balances bought since 1926 and in use by sopho- 
more and junior students in courses in analysis. Three 
sets of 5 swings were obtained for each balance first with 
no load and then with 1 mg. overload. The 48 sets of 
data were then used in a study of the relative accuracy 
of 5-swing, 3-swing, and Pregl deflection data. In this 
way 96 sets of 3-swing and Pregl data were obtained 
from the 48 sets of 5-swing data. The study shows that: 

(1) a single set of 5 swings often introduces an 
error of about 0.1 mg. due to poor reproducibility of 
rest point; 

(2) the average of 3 sets of 3 swings gives almost. 
as reliable results as the average of 3 sets of 5 swings; 

(3) the average of 2 or 3 sets of Pregl deflection data 
agrees well within 0.1 mg. with the average of 3 sets of 
5 swings and is much more rapidly and simply obtained. 

Experience in the use of the Pregl scheme with classes 
of 30 and of 230 students has been completely satisfac- 
tory, provided the balance is given a few minutes to 
permit temperature equalization, the first swing is. not 
used, and the balance is completely arrested between 
sets of swings. 
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ROGRESS in science and industry is made by the 
extension and application of existing knowledge. 
Those engaged in research must acquaint them- 

selves as thoroughly as possible with the recorded ex- 

periments of their predecessors. Any means of 
facilitating this task may be expected to contribute 
to the advancement of science. 

It is practically impossible for any person or institu- 
tion to collect all the published data upon even a single 
branch of science. The largest libraries may not be 
provided with the literature of any considerable portion 
of science. The number of really noteworthy scientific 
reference libraries in the world is quite small. In the 
case of all collections of scientific literature their full 
use is restricted to those research workers who happen 
to be located in their immediate vicinity. 

There can be rio doubt that large numbers of persons 
possessing the necessary training and skill to do credit- 
able research, are prevented from exercising their 
talents in this direction by lack of access to collections 
of scientific literature. Those who make the effort, 
without a thorough knowledge of the literature, may 
waste their time in repeating the work of others. Even 
for those who do have access to libraries the physical 
effort incident to consulting the books in the reading 
rooms or of obtaining them by loan, is frequently a con- 
siderable task. The making of a digest of the perti- 
nent data upon a given research problem requires a 
diligent, systematic, and often tiresome effort. It is 
toward the lightening of this burden upon the research 
worker that the film copying and distribution of scien- 
tific literature may be expected to contribute in a 
marked degree. 

The problem of furnishing to scientists copies of the 
particular documents required by them has for its 
basis the economical production of single copies of de- 
sired articles. Most duplicating processes provide 
multiple copies at a unit cost which diminishes with 
the number made, but do not permit the production 
of single copies at a sufficiently low cost. Photograph- 
ing on moving picture film does, however, offer the 
possibility of meeting this requirement. The cost of 
the first copy is no greater thanthat of succeeding ones. 
By means of special cameras and equipment which 
have been developed in recent years, the reduced-size 
copies of documents upon standard moving picture 
film can now be made at a price which is certainly 
within the means of practically everyone. ‘ 

At an exhibit of cameras designed for photographing 


FILMSTATS, a NEW MEANS for the 
ADVANCEMENT of SCIENCE 


ATHERTON SEIDELL 
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National Institute of Health, Washington, D. C. 








FIGURE 1.—GENERAL VIEW OF THE DRAEGER FILM- 
STAT CAMERA 


printed pages upon moving picture film held in Wash- 
ington, Dec. 27-29, 1934, five types were shown, 
namely, the Leica, the E.K.A., Recordak, the Draeger, 
and one being perfected by the Folmer-Graflex Cor- 
poration. + 

The Leica camera has been on the market for a 
number of years and has been used with success by 
many persons. It is a multiple-service camera which 
with special equipment may be used for photograph- 
ing the pages of books and similar material. Its par- 
ticular utility, however, is in enabling individuals to 
copy the articles of which they may have need. Its 
limited film capacity and the several manipulations 
required in making the exposures, restricts its use for 
the large-scale production under which a library film- 
copying service would be called upon to operate. 

The French E.K.A. camera was provided with the 
necessary accessories for copying documents by Paul 
Lemare of Paris and has been used for some years in 
the Library of Congress for copying manuscripts. It 
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does excellent work but it also is limited in the rate 
at which it can be operated. 

The Recordak was originally developed to permit 
banks to keep a photographic record on 16-mm. film 
of paid checks returned to their customers. It has now 
been enlarged to copy typewritten or other material 
on sheets up to 8 X 10 inches in size. For this purpose 
the sheets are fed into an opening and photo- 
graphed while in motion upon a rotating drum. The 
speed is therefore limited only by. the rate at which 
sheets can be inserted into a narrow opening. It has 
found numerous commercial applications and it is 
destined to be used on an ever-increasing scale in vari- 
ous trade and industrial enterprises. It is stated 
that the apparatus will eventually be adapted to photo- 
graph the pages of bound volumes. It is the policy 
of the manufacturers of Recordak to rent rather than 
sell their machines. The user therefore makes no 
capital investment and is assured of always being sup- 
plied with the latest and most perfect model. The 
rent is about $30.00 per month. 

The most highly perfected camera for photograph- 
ing the pages of books is that invented and built by 
Dr. R. H. Draeger, a medical officer of the U. S. Navy. 
A photograph of this camera is shown in Figure 1. 
The assembly consists of a stout table with lamp boxes 
on either side, and, fastened to the rear center, an up- 
right steel column. This carries a cross-arm from 
which the camera is hung. The latter consists of the 
film reels and housing, the film-winding mechanism, and 
the exposure chamber in alignment with the lens and 
shutter. The capacity of the reels is 160 feet of film— 
sufficient for 1280 exposures. Since two printed pages 
are usually photographed at each exposure one loading 
of the camera is sufficient for 2560 pages. 

The book to be photographed is placed in the space 
between the two lamp boxes. It is covered with a 
glass plate and the height of the page to be copied is 
measured. A table on the cross-arm shows the focal 
distance corresponding to various page sizes. The 
camera is set at this reading on the scale, the lens ad- 
justment is made, and the bulb is pressed for the ex- 
posure. By this operation the lamps are illuminated 
and the shutter opened. Upon releasing the bulb the 
shutter closes and the motor which winds the film to the 
next frame is set in motion. For the next photograph 
the glass plate is raised, the page turned, the glass 
plate replaced, and the bulb pressed and released as 
before. It has been found that between 1000 and 1500 
pages can be photographed per hour. 

Dr. Draeger is at present building another camera 
which will be provided with reels of 1000-foot capacity, 
an automatic timing device for the exposure, an auto- 
matic focusing device, counter for number of exposures 
made, and an automatic page-turning mechanism. 

The fifth of the exhibits to which reference has been 
made was a preliminary model of a relatively simplified 
and inexpensive copying camera being developed by the 
Folmer Graflex Corporation of Rochester, New York. 
A view of this camera is shown in Figure 2. Its dis- 
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FicurE 2.—TuHE GRAFLEX FILM-COPYING CAMERA 
oR “COPyGRAPH OUTFIT” 


When dismounted everything except the two lamps 
and bracket fits inside the case, which serves as the 
base while photographing. 


tinctive feature is the simple means of advancing the 
film after each exposure. This is accomplished by a 
mechanism actuated by releasing the pressure on a 
small piston. The arrangement is such that by com- 
pressing the piston rod a timed exposure is made and 
upon its release a spring tension advances the film to 
the next position. Thus no electric motor is needed. 
The lamps illuminating the pages to be photographed 
are allowed to burn continuously so that a mechanism 
for their lighting and extinguishing is unnecessary. 
The operations consist therefore, as in the case of the 
Draeger camera, in measuring the book, focusing by 
means of a calibrated scale, covering the pages with a 
glass plate, making the exposure by pressing and then 
releasing a small piston, lifting the glass plate, and turn- 
ing to the next page. 

These two highly specialized cameras provide a 
practical and simple means of photographing very 
rapidly the pages of bound volumes. Thus it is now 
possible for libraries to obtain at a reasonable outlay 
the necessary equipment for setting up a service of film 
copying of scientific and other documents. 

The organization of such a service is not a compli- 
cated matter. The camera requires very little space 
and its operation may be learned by persons of normal 
intelligence within a brief time. The developing of 
the reels of film is also a relatively simple matter and 
requires no special equipment other than the usual 
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dark room and photographic chemicals. The most con- 
venient means of holding the film during immersion in 
the developing and fixing solutions is by winding it on a 
metal helix or a similar device. After thorough wash- 
ing it is dried upon wooden frames and then cut in 
lengths corresponding to the various articles copied. 

For brevity and convenience it is proposed to desig- 
nate film copies of printed and other matter as ‘‘Film- 
stats.” This word will avoid confusing such photo- 
graphic copies with the widely used name ‘“‘Photostats’’ 
for copies on paper. 

A service of the kind described above has been in 
operation in the Library of the U. S. Department of 
Agriculture in Washington for several months under 
the name “Biblio Film Service.”’ The filmstats made 
by this service are sold at 10 cents per article of 10 
pages or less, and 5 cents for each additional 10 pages or 
fraction thereof. The experience, so far, indicates that 
this price is ample to meet costs of the service and pro- 
vide for the purchase of additional equipment as needed. 


Naturally without means of reading the greatly re- , 


duced-size print upon 35-mm. filmstats, the service 
would be of no value. It is also important that the 


magnifying or projecting devices for this purpose shall 
be within the means of the individuals for whose bene- 
fit the service is organized. 

It has been found that a very simple magnifier of the 
reduced print can be made by mounting an 8- to 10- 
power inexpensive lens in one end of a short cylinder, 


and two plates between which the film is held perpen- 
dicularly to the lens at the other end. A ground glass 
beyond the film equalizes the illumination of the print. 
Views of such a reading device, made by the Spencer 
Lens Co., Buffalo, N. Y., are shown in Figure 3. 

Such a simple magnifier as that just described, which 
can be produced for about $5.00, is naturally suitable 
only for very limited use. It may serve in the begin- 
ning as a temporary expedient and permit those who 
have only a very slight need of filmstat service to make 
preliminary experiments which will indicate its possible 
value to them. 

What is essential to the widespread and extensive 
use of filmstats is a projecting device at a moderate 
price which will permit reproducing the printed matter 
in approximately the same size as the original and under 
reading conditions similar to those under which ordinary 
printed matter is read. 

The various types of projecting apparatus so far pro- 
duced have generally been designed for pictorial repro- 
duction to be viewed by groups of persons. Their 
focal lengths are usually greater than will permit pro- 
jecting reading matter at close range. Furthermore, 
the intensity of the illumination is such that the accom- 
panying heat is in practically all cases sufficient to 
damage the film within a very brief period. The film- 
stat therefore cannot be projected for as long a time as 
may be necessary for its careful study. , 

The modifications which would be required to adapt 
existing models of projectors to filmstats are so great 
that it has seemed best to design an entirely new ap- 
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paratus for the convenient reading of the texts photo- 
graphed upon the narrow film. 

As has been implied, such a new apparatus must ful- 
fil several essential conditions. The image should be 
bright enough to be read in ordinary diffused light. It 
must be projected at sufficiently short range to make 
it unnecessary for the reader to change his position 
in order to move the filmstat to the successive positions 
corresponding to the sequence of the text. The lens 
should give a sufficiently large area of sharply defined 
image. The heat from the lamp must not damage the 
film during as long a period as one may desire to project 
it. Finally it should be compact and capable of pro- 
duction at a cost which is not beyond the means of most 
individual users. 














FIGURE 3.—VIEWS OF A FILMSTAT MAGNIFIER MOUNTED 
ON A STAND AND HELD IN THE HAND 


Considerable attention has been given to this problem 
and an apparatus designed which fulfils the above re- 
quirements in practically all respects except possibly 
that of sufficiently moderate cost. It has been found 
that a high-grade photographic lens is needed to give 
the required sharpness of definition over the desired 
area of field. Such lenses are rather expensive and it 
is this element of cost which limits the cheapness at 
which the apparatus may be produced. 

Two experimental models have been developed. In 
both cases the projecting apparatus is the same, but in 
one case the image is received directly upon a screen 
mounted in the larger end of a box, and in the other is 
reflected from a mirror to a screen tilted at the angle 
most convenient for reading. The disadvantage in the 
first case is that the position of the filmstat, with respect 
to the reader, is somewhat too distant to permit its 
manual displacement without bodily movement. In 
the second case, in order to avoid haziness resulting 
from double reflection from an ordinary mirror, a sur- 
face reflecting mirror is necessary, and these are usually 
subject to rapid deterioration and accidental damage. 

The projector itself is made up of four elements: 
the electric lamp, the light-condenser lenses, the film- 
strip holder, and the projection lens. There are several 
novel features by which the necessary conditions of 
satisfactory projection have been attained. The ar- 
rangement of the condenser lenses is such that a suf- 














FIGURE 4.—FILMSTAT PROJECTOR MADE BY THE SPENCER 
Lens Co., BuFFALo, N. Y. 


ficient distance between the source of light and the 
filmstat is secured to provide for an open air space which 
permits the dissipation of much of the radiated heat. 
The heat transmitted by the metal walls is diminished 
by a reduction in the cross-section of the metal part and 
the interposing of a non-heat-transmitting collar. The 
light is first condensed partly by two 85-mm. focal 
length plano-convex lenses. About 85 mm. in front of 
these it is further condensed by a 51-mm. focal length 
plano-convex lens, immediately adjacent to which is 
placed the filmstat. This cone of light thus passes 
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immediately through the film and converges at the 
center of the projector lens about 35 mm. distant. A 
mirror reflector has been found inadvisable since more 
heat than is permissible is concentrated upon the film. 

The most satisfactory filmstat projector so far de- 
veloped is the one shown in Figure 4, now being made 
by the Spencer Lens Co. It is provided with a first 
surface mirror protected by folding covers and the 
projecting unit itself folds into the box when not in use. 
The film holder is open at the top and permits inserting 
the filmstat without threading through a narrow open- 
ing. The lens is of such excellence and covering qual- 
ity that an entire page is projected in approximately 
its original size and may be read without displacement 
of the film. The heat radiation from the lamp is so 
successfully controlled that the film may be left in- 
definitely in the apparatus without damage. 

The progress which has so far been made in the per- 
fection of cameras for rapidly photographing the pages 
of books upon 35-mm. film and the development of 
satisfactory magnifying and projecting devices for 
reading the filmstats is such that the widespread appli- 
cation of this process to the dissemination of scientific 
and other literature may now be expected. There 
appears little doubt that the development of this serv- 
ice will become of far greater utility than it is now 
possible to predict. Many applications not apparent 
at present will certainly be found and it is reasonable to 
expect that film copying will gradually revolutionize 
the existing methods of distributing scientific_and other 
recorded intelligence. 





The CULTURAL VALUE of CHEM- 
ISTRY wn GENERAL EDUCATION’ 


B. S. HOPKINS 


University of Illinois, Urbana, Illinois 


DUCATIONAL systems like political organiza- 

tions have been evolved from primitive beginnings. 

In its early stages human life was simple, its re- 
quirements were few, and its social, political, and educa- 
tional machinery was unhampered by complexity. As 
civilization advanced life became more and more com- 
plex, and as a result changes were made in these sys- 
tems in order to meet the ever-increasing demands made 
upon them. As nations grew up under varying cli- 
matic, social, and political environments, there began to 
be differences of opinion with regard to the most effec- 
tive methods of solving such problems. So we find in 
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various stages of the history of civilization, educational 
plans which represented conflicting ideas and diverse 
ideals. But through the centuries as experience was 
gained, progress was made and we of the modern world 
are fond of the belief that we have saved the best from 
all the civilizations of the past and upon the experiences 
of our forebears through the ages we have built an 
educational system which is superior, at least for our 
needs, to all that have gone before it. 

There is no necessity for attempting to trace the 
historical steps which have led to the twentieth-century 
educational system in America. But it may be per- 
missible to enumerate a few of the developments which 
have left their impression upon our methods of training 
the young. We as teachers have received a rich heri- 
tage from our ancestors. From the period of the 
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Renaissance we have received the doctrine that the 
classics stand supreme as a training in cultural values; 
from a later period in Western Europe has come the idea 
that education and religion are not synonymous; and 
gradually there followed the popularization of educa- 
tion. From those sturdy pioneers who preferred the 
hostile shores of a new continent to submission to the 
arbitrary dictates of authority, we have inherited the 
principle of free education for all children, supported by 
a general property tax. Quickly there followed the 
establishment of high schools, colleges, and universities, 
founded upon the theory that higher education, largely 
at public expense, should be made readily accessible to 
all. From these small beginnings there has sprung up 
all over the land a system of education of which the 
American nation can justly be proud. 

There are two periods in American education in 
which we should at this time be especially interested. 
During the early days the curriculum was mainly 
grouped around the study of the classics. The cultural 
value of education was measured in terms of its classical 
content. Ata later period there grew up a feeling that 
such studies were not practical and that educational 
training should be along the lines of learning by doing, 
vocational activities, and specialization in the higher 
branches. As a result of these demands the study of 
the classics has all but disappeared from our curricula 
and the mania for specialization has penetrated far 
down into the lives of those of tender years. 

What is the meaning of the word “culture?” What 
constitutes a cultural course of study? What should be 
the objectives of a cultural course? In what manner 
should a cultural course affect the living, habits, charac- 
ter, and intellect of an individual? If these questions 
were propounded to a group of educators it is certain 
that the replies received would reveal a wide latitude in 
the interpretations of these items. Consequently it 
seems to be necessary for the author to state his way of 
understanding these questions. Perhaps his viewpoint 
may be arbitrary, but at any rate it may serve to avoid 
misunderstandings and may make unnecessary a long 
discussion concerning the meaning of the topic which 
has been assigned him. 

The Websterian idea of culture may be grouped about 
the expressions ‘improvement by education,” “training 
by discipline,” ‘‘cultivation of the moral and intellectual 
nature,” and “refinement in manner and taste.” It is 
to be noted that all these ideas deal exclusively with the 
individual and his mental and moral traits. They 
apply as well to the castaway on some isolated island as 
they do to the dweller in the modern crowded city. 
Such phrases may have represented the meaning of the 
word ‘‘culture” a generation ago, but there seems now to 
be added another concept which takes account of the 
consideration that one of the most vital facts in modern 
life is that we all have neighbors with whom we must be 
in daily contact. I believe that the word culture today 
must take into account each individual’s obligations to 
society; “it must humanize his character and intel- 
lect”; “it must nurture the ability to enter sympatheti- 
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cally into the lives of others’ and their ‘‘social problems 
whether these be economic, political, esthetic or philo- 
sophical.”” A cultural course must, then, develop not 
merely ‘‘an appetite for intellectual attainment and 
moral excellence’ but it must contribute definitely 
toward open-mindedness, sincerity, an active interest in 
social betterment, and a productive participation in all 
enterprises which have as their ultimate goal the uplift 
of humanity. 

If these attributes are accepted as representing the 
lofty ideal toward which our educational program is 
looking with earnest anticipation, we might find it 
worth while to ask: what influences are working in the 
opposite direction? How may non-cultural courses 
influence the thought and development of youthful 
minds? What are the characteristics of those factors 
in our educational system which are to be considered as 
non-cultural in the impressions which they make? 

If our humanistic viewpoint is accepted, then it is 
evident that any influence in education which concerns 
itself solely with the advancement of the individual’s 
selfish ends may be regarded as non-cultural. There 
would be included in such a category courses which have 
a narrowing influence upon the student and those which 
prevent sympathetic insights into human problems. 
Such courses may be popular because they give promise 
of leading to large financial return; they may be recom- 
mended because of their intensely ‘‘practical” nature 
and their emphasis upon the learning-by-doing idea or 
upon highly specialized training in a restricted field. 
But they fail to arouse an active interest in the affairs of 
a social race. 

From these points of view it is evident that no subject 
in the curriculum is of itself either to be classed as cul- © 
tural or non-cultural. We are not concerned with a 
question of content since culture is not inherent in the 
subject matter of any course. The deciding factors 
are determined by the method of approach, the purpose 
for which the subject is studied, and the general attitude 
of mind which is carried away by the students them- 
selves. Of course it is evident that some subjects lend 
themselves much more readily to cultural development 
than others but it is easily imagined that any subject in 
the curriculum may be made cujtural or not as its spon- 
sors will. Even the most practical professional sub- 
jects in engineering, in science, in law, or in medicine 
may become the vehicles of truly magnificant training 
in cultural aspects upon the problems of life. It is true 
in no less a measure that all subjects may lose their 
cultural significance entirely if the viewpoint is nar- 
rowed by selfish motives and the conduct is weighted 
down by mercenary objectives. ' 

If we were to inquire what subjects in the educational 
program of the last generation were most frequently 
regarded as cultural in effect, one reply which might be 
expected would be ‘“‘the classics.’ But there would 
undoubtedly be some differences of opinion if our query 
sought the elements in these subjects which were defi- 
nitely cultural and their effect upon the minds of the 
students. Some educators might insist that the cul- 
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tural value of the classics centered around the mental 
development which their study involved. The ability 
to observe the different meanings conveyed by slight 
changes in the endings furnished no slight training in 
observation, in memory, and in interpretation. Others 
would have us believe that the chief cultural value of 
the classics lies in the increased ability to understand 
the meaning of English words. There is a certain fas- 
cination about the origin of our words and the tracing of 
finer shades of meaning in finding the combination of 
words which is needed to express our exact meaning. 
These processes develop the mind, train the intellect, and 
undoubtedly add to refinements of conversation, of 
manner, and of taste. But they are completely con- 
cerned with the individual and lack entirely the human- 
istic features which seem to be taking such a command- 
ing position on our educational battlefront. 

There is another reason why the study of the classics 
had such a long and useful career as a cultural force in 
education. It is that here was the key which unlocked 
a whole storehouse of literature, of history, and of life. 
He who read his Greek as a procession of cases, tenses, 
conjugations, and declensions was a slave to detail and 
missed a great opportunity to enter into the life, habits, 
customs, and traditions of a people whose influence upon 
later centuries is still unmeasured. He who reads 
understandingly the story of Sophocles’ Gidipus Tyran- 
nus will sense the deep religious nature which shudders 
at the boastful blasphemy of Jocasta. No one can fail 
to feel the deepest sympathy for the bewildered King 
himself, “the innocent victim of a ruthless destiny,” 
in his attempt to avoid the fate of the oracle which 
decreed that he was destined to slay his own father and 
’ marry his own mother. If the citizen of 1935 possesses 
the ability to live again through these thrilling scenes of 
that dramatic story of the struggle against an inexorably 
cruel fate, then surely that same citizen is prepared to 
display an effective sympathy toward our own puzzling 
political problems. Such a sympathetic and practical 
understanding characterizes the cultured scholar, the 
product of an educational system based upon an ade- 
quate evaluation of human interests. 

The classics have contributed much to the educa- 
tional systems of Europe and America, and their influ- 
ence is still widely evident. In our intensely practical 
age the domination of the classics has decreased and it 
may be possible that in a few years these studies will 
disappear entirely from the general curricula, although 
in a few special cases they will undoubtedly continue. 
The pendulum has swung far over in the direction of 
subjects which may be characterized as having an im- 
mediate bread-and-butter value. The rapid growth of 
laboratory instruction in the sciences, both pure and 
applied, in engineering, in agriculture, in home eco- 
nomics, in medicine, and in a host of other professional 
courses has resulted, at least in part, from the demand 
for the practical in education. The term ‘‘academic,”’ 
long synonymous with intellect, culture, leisure, and 
influence, has become a term with which to characterize 
the visionary, impractical, and idealistic dreams of 
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those who hold themselves aloof from the surging 
throngs of humanity along the everyday walks of life. 
Even in political circles an effort is made to hold up for 
ridicule the ‘‘brain trust,’”’ because this group happens 
to include several college professors. These attempts to 
discount the intrinsic value of scholarly attainments 
probably result from extreme emphasis on the practical 
side of our educational system. 

The classics have made definite contributions to 
modern life but they are disappearing from our cur- 
ricula. What are we offering in their places? It is to 
be feared that no particular subjects have inherited the 
commanding position occupied by Greek and Latin 
during the classic period of educational history. Per- 
haps it is well that we are allowed generous freedom in 
our diversification of interests. But it seems certain that 
an educational system which lacks entirely the cultural 
value of the classics falls short of that well-rounded 
training which has been the ambition of educators. 

It has already been suggested that no subject is of it- 
self cultural, but that all subjects may become such if 
they are properly conducted. It is my firm conviction 
that chemistry offers a splendid opportunity for every 
teacher to bring into the classroom much of the ele- 
ments of the culture of the classics. In addition chem- 
istry is an intensely practical subject, which presents 
useful information in a form which may be employed 
both in training the finer qualities of the mind and in 
supplying the qualifications for earning a livelihood. 

I believe that one of the first mental reactions which 
is experienced by the novice as he takes up the study of 
this complicated subject is one of bewilderment. The 
viewpoint is perhaps entirely new, the language is 
different, the new terms supply confusion, and the 
chemical symbols are almost terrifying. It would be 
hard to convince anyone in such a state of mind that 
chemistry does not furnish a most excellent opportunity 
for mental drill and memory training. As he proceeds 
he learns that accurate discrimination is essential, as 
witness the importance of the endings, -ite, -ate, -ide, 
and a host of others. As he progresses he learns that 
the distinction between mercurous chloride and mer- 
curic chloride signifies the difference between a widely 
used and valuable thedicine and one of our most com- 
mon and virulent poisons; likewise that in the prepara- 
tion of a physiological salt solution the displacement of 
the decimal point may change a life-saving fluid into one 
which is sure to destroy life. His entire laboratory 
experience teaches an alert mental attitude, careful 
observations of the most minute details, and thoughtful, 
intelligent discrimination in the interpretation of his 
results. Certainly here is a subject which demands of 
its students a carefully trained memory, the ability to 
observe thoroughly and intelligently, the power to dis- 
criminate between vital facts and non-essentials, and 
above all, the skill to interpret the significance of phe- 
nomena and to apply new knowledge to useful ends. 
Thus far chemistry is certainly capable of adjusting 
itself to meet the most exacting requirements of our 
modern educational system. 
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But what can be said about the adaptability of 
chemistry to the humanistic side of our educational 
training? Can we use this intensely materialistic sub- 
ject to implant a sympathetic understanding of human 
affairs and to make a definite contribution to the solu- 
tion of our puzzling human problems? It is necessary 
to concede that man’s conquest of nature may be used 
for both human and inhuman ends. It is to be feared, 
perhaps, that all too frequently the latter uses are up- 
permost in our thinking about chemistry. If this name 
brings to our minds dire tales of poison gas, inhuman 
gas attacks, and a ruthless disregard for the safety of de- 
fenseless women and children, then it is high time that 
teachers of chemistry everywhere began to recognize a 
new obligation which demands that the cultural training 
of the many must accompany the professional prepara- 
tion which we have been giving to the few who special- 
ize. 

Chemistry, the science of changing forms of matter, 
can be related to the changes which characterize the 
political, social, and economic problems of the human 
race. Perhaps there is no more evident application of 
chemistry than that which applies to the age-old 
struggle against the ravages of disease. The progress 
made in this battle forms a thrilling story and the new 
victories which we hope the future will win should fire 
the ambition of many a youth to great aspirations. If 
we could show that chemistry contributes its share 
toward world peace and economic security, those dual 
conditions now so earnestly desired, then our science 
becomes a powerful factor in the lives of men. 

It must be admitted freely that these applications are 
not always easily made. That is because we are not 
accustomed to making the attempt. We have been 
training specialists, looking at things from a profes- 
sional angle, and thinking so long in terms of ‘‘science 
for science’s sake” that we are bewildered by the 
thought that chemistry is after all intensely human and 
has no small influence on the happiness and the lives of 
a large number of our fellows. But that state of be- 
wilderment is no doubt our own fault and we can correct 
it if we will. 

One illustration may serve to make my meaning more 
clear. There are probably few assignments in ele- 
mentary chemistry which create more consternation 
among the beginners than the chapter on chlorine. If 
it is taught merely as one more chemical element which 
has a certain history, occurrence, preparation, properties, 
and uses, interest may well be expected to wane. But 
see how quickly the subject begins to be interesting if 
the students are told about the way in which cloth was 
bleached before chlorine became available in quantity 
and how the introduction of the Deacon process in 
England suddenly left large numbers of the bleacher’s 
guild without employment. Then we might take time 
to draw a moral, and call attention to the fact that 
nearly every invention creates a hardship upon someone, 
because it interferes with his previous oceupation. A 
new economic adjustment is necessary after each ad- 
vancement of this kind and unemployment is not a 


421 


new factor in human life. Our present unemployment 
situation is due, in part, to the advent of labor-saving 
devices, and the thing for our generation to do is to adjust 
itself as best it can to the changed order. 

Treated in this manner chlorine ceases to be merely 
an ill-smelling gas with an uninteresting history, an 
impossible method of preparation, and a next-to-useless 
existence, for it becomes a vital factor in human prog- 
ress and even the intricacies of the Deacon process take 
on a new meaning in human interest. The recitation 
then ceases to be a drab recital of routine facts and 
becomes a symbol of today’s most tremendous prob- 
lems. 

Chemistry lends itself splendidly to a cultural educa- 
tion. It is teeming with life and life’s problems. But, 
if chemistry is to take its place beside other practical 
subjects as a potential influence for a cultural training, 
we, its teachers, must be awake to the possibilities and 
to the needs of the situation. Our educational system 
will not be denied its cultural influences. If chemistry 
does not rise to the occasion and do its part toward 
supplying training formerly supplied by the classics, 
then some other subject will meet the demand and we 
shall have missed a great opportunity. Educators tell 
us that the educational pendulum which has of late 
swung far out in the direction of the practical and of 
specialization has already begun to move back toward 
the cultural training. It seems quite possible that one 
of the’major results of this economic depression through 
which we are now passing may be to shift our attention 
away from the accumulation of great wealth for the 
individual toward the universal brotherhood of man 
which makes certain the establishment of peace, se- 
curity, and happiness for the many. 

It must not be assumed from the references which 
have already been made to specialization, that the 
author does not favor special training for advanced 
students in chemistry. Such training is vitally essen- 
tial if the science is to endure and to continue to be a 
productive factor in modern civilization. Chemistry is 
so extensive and so complex that there is no other way 
for it to grow except through the aid of those who are 
willing to limit their study to a definitely restricted 
area. But it is becoming increasingly important to 
recognize that the teaching of chemistry involves two 
distinct phases—(1) the training of specialists, and (2) 
the making of a definite contribution to the cultural 
training of our general student group. There has been 
unpardonable confusion of aims in these two phases of 
our work and their disentanglement is highly to be de- 
sired. Such a step would be to the everlasting benefit 
of both groups, and undoubtedly to the simplification 
of the process of teaching. The recognition of the cul- 
tural value of chemistry should make it possible for 
educated persons to acquire a sympathetic under- 
standing of this fascinating science. Such a step 
would permit us at the same time to protect our ad- 
vanced studies from the stampede which seems to be 
headed in their direction. By adding strength to these 
features of our work we will be able to make a more rigid 
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selection of those who wish to specialize. These two 
steps taken together will reinforce each other and not 
only produce a very helpful broadening of the usefulnéss 
of chemistry but will also very definitely increase its 
efficiency and expand its applications. 

Students of the science of chemistry then readily 
divide themselves into two groups: (1) those who ap- 
proach the study from the professional point of view, 
and (2) those who are interested in acquiring only a 
cultural contact with this fundamental science. If we 
ignore these differences we do harm to both; if we 
recognize the difference we can help both groups effec- 
tively. 

About three years ago the author became interested 
in knowing how many of the students in Chemistry I 
continued with the study of chemistry after completing 
this one course. He was amazed to find that more than 
60 per cent. of such students took only a single semes- 
ter’s work. It is evident that these persons were not 
interested in chemistry as a profession or even in 
chemistry as a preparation for some other profession. 
They were interested in broadening their mental hori- 
zon and were content with obtaining a general notion 
of what chemistry is, what it is attempting to ac- 
complish, and what it is able to add to civilization. 
Such students with such objectives in mind, should not 
be given a course whose entire organization and con- 
duct is professional in spirit and preparatory in outlook. 

In order to meet the needs of such students we have 
organized a survey course, which plans to follow a non- 
professional method of attack. It covers general chem- 
istry, including the metals; it touches organic, physical, 
physiological, medical, and industrial chemistry. Its 
aim is to survey these fields without laying itself open 
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to the charge of giving a mere smattering of informa- 
tion or of appearing as a ‘‘snap’”’ course. By looking 
to the general educational value of chemistry, it aims 
at supplying something of a cultural aspect to the scien- 
tific method of approach. It includes some laboratory 
work, but does not aim to develop technical skill in 
manipulation. Its whole outlook is broadening, in- 
formational, cultural—in short, it is intensely non-pro- 
fessional and makes a determined effort to avoid the 
notion that it is a preparatory course for advanced 
courses in chemistry. It attempts to be informational 
without being detailed, educational without being pro- 
fessional, broadening without being sketchy, cultural 
without being ornamental or leisurely, and scientific 
without being technical. It may well be said that it 
attempts to establish in the general educational field 
a broad and wholesome appreciation of chemistry. 
Such a plan not only meets the needs of a considerable 
number of students, but also permits the strengthening 
of our professional courses. Perhaps the latter result 
may, after all, be the more important. 

Here is a great opportunity to teach a great science to 
a considerable number of students who are preparing 
themselves to live intelligently in a scientific age but 
who have no desire to become scientists. Chemistry 
has excellent possibilities as a cultural subject if we are 
willing to present its intensely human aspects. I 
firmly believe that such a plan will contribute definitely 
to the upbuilding of chemistry as a technical science, 
because it will supply better-trained chemists and will 
at the same time produce an intelligent sympathy on 
the part of a great number of educated citizens. Surely 
this is a challenge which is worthy of our most serious 
consideration and of our best efforts. 
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‘TpRECEDING speakers have discussed the rédle 
Pp of chemistry in education, namely, the extent to 

which it is included in curricula; the cultural 
value of chemistry in general education, or its signifi- 
cance as a broadening influence; the training value of 
chemistry in general education, or its influence as an 
analytical reasoning factor and in the development of 
sound imaginative thinking. The present division 
of the topic has to do with the prerequisite and collat- 
eral value of chemistry. In other words, we want to 
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know to what extent it is required for an understand- 
ing of the professions and to what extent it serves as 
collateral material in the practice of these professions. 


ENGINEERING 


This profession involves the practical application of 
physical, chemical, and other scientific principles in 
large-scale construction or operation of one type or 
another. An understanding of the elementary prin- 
ciples of chemistry and physics in preparation for the 
engineering profession is essential. A few examples of 
the collateral value of chemical knowledge will make 
this evident. 
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Some engineers have to consider the matter of sanita- 
tion. This involves the treatment and care of air, 
sewage, water, and food supplies. Ventilation no 
longer means the mere supplying of fresh air from out 
of doors; the newer trend includes the filtering of that 
air. Hence a knowledge of materials, natural or arti- 
ficially produced, which will serve as filtering media 
without too greatly retarding air flow is necessary. 
The older scheme of washing the air has largely given 
way to filtration systems which depend on fibers coated 
with deliquescent adhesives for attracting and holding 
dust particles. In humidifying problems, a knowledge 
of the vapor tension of the chemical compound water, 
at various temperatures, is important. Especially is 
this knowledge of air conditioning, together with tem- 
perature control, essential in the manufacture of certain 
food products and in the storing of perishable foods. 

The engineer is responsible for the construction of 
systems for water purification. With the prevalent use 
of chlorine and hypochlorites he must so design storage 
units and conduits as to guard against corrosion. He 
is not merely concerned with the corrosion of the con- 
tainers and conduits, but must further guard against 
the use of materials in their construction whose corro- 
sion would harmfully contaminate the water or impart 
to it an undesirable taste. Water problems confront 
him to an even greater extent when he utilizes water 
for various industrial purposes. The corrosion factor 
in boilers and the tendency to cake in the conduits and 
in the boiler tubes are too well known to require elabo- 
ration. The treatment of the water according to its 
temporary or permanent hardness with any one of a 
number of the older chemical reagents to effect softening 
is an old story. The progressive engineer will consider 
the newer and better principles and appreciate the ef- 
fects of zeolites and of sodium metaphosphate, the for- 
mer a filtering agent which produces softness, the 
latter a chemical agent which not only removes the 
hardness-producing substances but so sequesters them 
as to prevent their depositing in the various engineering 
units in which they are employed. In marine con- 
struction he has to take the action of sea water into 
account. 

In connection with sanitation, the engineer is re- 
quired to construct units for the disposal of sewage. 
He should have a sufficient knowledge of chemistry 
to interpret the chemist’s report on the nature of the 
sewage which has to be treated, for again the life of 
the units in which the treatment is accomplished will 
depend on the nature of the sewage under considera- 
tion. 

Related to sewage in a way is the matter of garbage 
disposal. A glance at these plants obviously indicates 
that the engineer has had a hand in the job. He must 
know the construction materials which will stand gar- 
bage incineration and extraction. Lacking this knowl- 
edge the plant that he constructs may prove faulty. 

Textiles are employed in certain enginéering opera- 
tions; we find them in belts, in pipe coverings, in insu- 
lating materials, etc. The chemical nature of a textile 
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determines its suitability for a particular purpose. 
Durability and life of the fabric are essential to the 
satisfactory performance of the engineering units in 
which it is employed. 

Metals and their alloys are not only the products of 
engineering practice in the field of metallurgy but have ~ 
utility in the construction of various engineering prod- 
ucts. Is the engineer to employ aluminum, or copper, 
or iron, lead, nickel, zinc, or some other metal? Shall 
he use one alone, or one of these metals in combina- 
tion with others? What he employs will depend on the 
purpose for which the metal or alloy is intended. In 
newer developments, such as aviation, he must have 
knowledge of light alloys of aluminum with other met- 
als. Consideration is already being given to beryllium, 
which is lighter than aluminum and which alone, or in 
its alloys, has superior mechanical properties. The 
engineer may have to consider corrosion factors, con- 
ductivity, thermal insulation, protection against radia- 
tion, tensile strength, malleability, and what not. He 
must have a knowledge not only of the physical proper- 
ties but of the life and behavior of the metal from a 
purely chemical standpoint; he should further be in- 
formed about the properties, or alteration of properties, 
resulting from heat treatment, or exposure to fairly 
high temperatures in the fabricated units for which 
the metal or alloy has been employed. He may be 
called upon to construct fireproof quarters in buildings. 
Here, the behavior, especially at very high tempera- 
tures, must be known, for, if the unit is complete and 
fails to meet the requirements of the Fire Underwriters’ 
Laboratories, payment for the work done may actually 
be withheld. It is therefore of economic importance to 
provide the proper material for the consumer, and to 
insure payment for the job done. 

We live in an age of special alloys. In the cutting 
or welding of these, high-temperature blow torches 
may be required, even atomic hydrogen torches. Or 
we may have to employ special abrasives for finish- 
ing, or tungsten-carbide or other hard, self-annealed 
tools for trimming and finishing parts. 

For the generation of power the engineer must plan 


' for the use of various fuels, gaseous, liquid, or solid. 


The chemical nature of the fuel, together with the 
chemical nature of the unit which is exposed to that 
fuel, must be taken into account in planning the con- 
struction. The boiler may have a short life if unable 
to withstand the products of combustion of the fuel 
underneath, Its interior is at the mercy of chemicals 
in the water, and because of improper treatment of that 
water may fare badly, suffering a weakening of struc- 
ture. Investigation under way on the embrittling ef- 
fect of various water-treating agents, or their reaction 
products, on boiler walls is significant. Again the engi- 
neer may be called upon to construct ovens for the 
destructive distillation of coal in the production of 
coke, or fire boxes or other heating units in plants for 
the manufacture of a variety of commercial products. 
He must know the nature of the fuel and, if solid, the 
nature of its ash and the reaction with the walls of the 
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container. He must know how the material used in 
the container will react with gaseous, liquid, or other 
products arising from the fuel, or in the manufac- 
turing process involved. In units like ceramic kilns or 
glass-melting furnaces, he has not only to take into ac- 
count the products of fuel combustion, but chemical 
vapors which result in the heat treatment of the ware in 
firing, or which escape through reaction or vaporiza- 
tion during melting processes in the glass tanks. 

Environmental influences which involve chemical 
reactions may also be factors. We have learned only 
too often about electrolytic effects on pipe lines and 
other metallic units which have been employed in engi- 
neering construction. The study of conditions ob- 
taining in the area in which a plan is to be carried out 
can be determined in advance, though one may not 
necessarily foresee all possibilities. The proper ground- 
ing or insulating of the constructed units may, however, 
anticipate possible electrolytic difficulties and guard 
against them. 

The engineer has occasion to employ adhesives. If 
these are to resist the action of moisture, he has one 
problem; if they are to adhere without penetration, he 
has another. If there is a tendency to penetrate the 
structure where they are employed, still another factor 
is involved. The adhesives must not only serve the 
purpose of holding parts together firmly, but must be 
of such a nature chemically as to prevent the corrosion 
of the parts held, to prevent the consequent lowering of 
mechanical strength. Adhesives are not employed 
entirely to form cementing bonds. The protection of 
surfaces of various kinds is equally dependent on the 
adhesive properties of the paints, varnishes, or other 
protective coatings employed. 

Obviously the engineer must have some training in 
chemistry, a certain minimum to prepare him for the 
profession, and as much more to serve him collaterally 
as his ambition toward success prompts. 


MEDICINE 


No student should enter the field of medicine without 
at least a knowledge of general inorganic and organic 
chemistry, for without these he cannot even understand 
the simple reactions that go on in the human body. 
Collateral with his practice of medicine, his knowledge 
of chemical science should be much more extensive. 
He must know whether medicines prescribed for his 
patients are compatible or not. All of us know of one 
or more cases where physicians have prescribed and 
where it has been evident to us as chemists that the 
drugs included in the prescription would react with 
each other before having an opportunity to serve their 
individual purpose for the patient. The human body 
is our most precious possession and no physician has a 
license to expose it to the hazard of snap judgment. It 
would even seem desirable that he know the idiosyn- 
crasies of his patient, for it does not follow that because 
the normal dosage of iodides, for example, is satisfac- 
tory for the average patient, it is harmless to one who 
is hypersensitive to such substances. 
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Of course, you will say that observing too many pre- 
cautions would require time and render medical service 
so expensive as to make it prohibitive for the average 
patient. Let us assume that you are correct regarding 
the economic aspect. Is it not too true that a physician 
considering the time factor alone is apt to follow cut- 
and-dried methods instead of at least becoming informed 
along chemical lines and thereby displaying better judg- 
ment in prescription? There are many comparatively 
simple things which our medical students could learn 
about the chemicals they employ. For example, which 
of the bromides, assuming equal effectiveness as seda- 
tives, is best eliminated by the system? Any number of 
patients who have been given bromides have been an- 
noyed by what is known as “‘bromide rash.’”’ There is 
really no necessity for this. Strontium bromide is 
more rapidly eliminated than other bromides which are 
commonly prescribed. In some instances the patient 
suffers a serious let-down through the use of bromides. 
Where this is the case ammonium bromide, which is 
also easily eliminated by the system, has the advantage 
of producing a combined sedative and stimulative ef- 
fect. Numerous other examples might be cited in the 
field of inorganic chemistry. 

In the field of organic chemistry, the preparatory 
training must be supplemented by constant collateral 
reading and study, for here new chemicals are appearing 
on the market almost daily. The organic chemist has 
pretty well established that certain radicals in his 
compounds are responsible for the physiological effects 
obtained. There may be objectionable side effects in 
compounds already in common use, and a new one 
which has been announced may have the desirable ef- 
fect of the radical without producing an objectionable 
reaction. If we take into account anesthesia alone, 
we soon realize that while at one time there was prac- 
tically no choice except chloroform, ether, and nitrous 
oxide, today there is an anesthetic to suit the need of 
almost every particular case. What has been said of 
anesthetics is true of more common remedies, namely, 
the headache cures, laxatives, etc. One of the most 
commonly employed of the latter is phenolphthalein. 
It is known that many individuals have an idiosyn- 
crasy toward this compound and that it produces an 
undesirable dermatological effect. 

Antiseptics again open a huge field for thought. 
What may prove beneficial in one instance may be an 
irritant in another case. What may seem mildest and 
least effective because it is common may pass the physi- 
cian’s notice entirely. The more powerful organic 
antiseptics have now come into general use. That they 
are not necessarily the most effective is shown in an ex- 
ample. The writer has in mind a group of botanists 
who made a survey in the tropics. Plant poisons and 
the bites of harmful insects failed to respond to the 
various powerful antiseptics that were employed. 
Finally, the one which we look upon as the mildest 
inorganic antiseptic, namely, boric acid, served the 
purpose perfectly. We must, therefore, not merely 
utilize the principles which have been included in our 
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preparation for the field of medicine, but must look 
back to some of the simpler remedies which have only 
too often been forgotten. Nor shall the medical prac- 
titioner get the idea that the newer thought is to be 
ignored. Frequently is his mind closed to these newer 
principles. The current developments in the use of 
dyes, not only as antiseptics but as specifics for the 
treatment of certain ailments, is a case in point. A 
closer relationship and a better appreciation must come 
between physician and chemist. 

Developments in the field of narcotics and hypnotics, 
etc., may find exceedingly important applications. 
Two cases occur to your speaker. The first involves 
the use of certain opiates in the treatment of colds. 
Some of these may actually become specifics for pneu- 
monia, If they do, it will be because of the confidence 
which one medical man had ina chemist. Experiments 
have already progressed satisfactorily in the treatment 
of animals which respond to pneumonia much as human 
beings do. The coming winter will probably see the 
direct application to patients in one of our hospitals. 
The other case has to do with the use of organic sub- 
stances in connection with the treatment of mental 
disorders. An eminent physical chemist in one of 
our universities has found that certain compounds re- 
store some so-called insane persons to normality, while 
others may induce insanity in a normal person. While 
all decry the prescription of habit-forming drugs, there 
is no doubt that their proper application in abnormal 
individuals toward the production of normality is 
merciful. The medical profession has been slow to ap- 
preciate this chemist’s findings. Mention might also 
be made of the value of his findings to the criminologist. 
The recent literature on certain barbituric acid deriva- 
tives, e. g., sodium amytal, and their destruction of 
defense reactions under cross-examination, does not re- 
quire repetition. Suffice it to say that defense reac- 
tions are practically entirely broken down through the 
use of such agents and that an individual suspected of 
crime cannot resist answering truthfully. Scopolamine 
acts similarly. 

Every physician should be informed concerning anti- 
dotes for poisons. How many know that sodium for- 
maldehyde sulfoxalate is a positive antidote for the 
very common mercury bichloride poison, if given by 
mouth and rectum and through intravenous injection, 
and that remarkably little kidney damage results? 

The collateral value of developments in the field of 
biochemistry is rapidly receiving deserved recognition. 
Many physicians are already well informed regarding 
the function of vitamins, hormones, and enzymes and 
are utilizing these for the well-being of their patients. 
Not only has this knowledge contributed to an under- 
standing of plant and animal physiology, histology, and 
embryology, but it furnishes a chemical background 
which is essential to modern advances in the fields of 
pathology and psychology. 

As the microscope has, in the past, provided a tool 
with which the physician and others could look beyond 
the body to individual cells, so chemistry, through the 
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newer micro methods, provides facilities for interpret- 
ing living processes in terms of molecules and atoms 
within the cells. It is now possible to determine quanti- 
tatively how many organs function, and thus learn, for 
example, just where the acid and pepsin in the stomach 
are generated. Microtome sections at various depths 
from the inner stomach wall have already been ana- 
lyzed. 

While radiotherapy may seem to belong more prop- 
erly to the field of physics than to chemistry, the utiliza- 
tion of radium and other radioactive substances does 
involve chemistry, or at least chemical substances. 
Here is a field in which good may be accomplished be- 
yond appraisal if the reagents are applied properly, but 
where untold harm may result if they are utilized by 
one who is ignorant of the technic and precautions that 
are necessary. The use of radium and other radioactive 
substances, among the latter the less expensive radon 
which may be administered in implants or spicules, 
has been valuable in the arresting of cancer, especially 
in its incipient stages. Properly informed individuals 
may therefore employ such substances with good re- 
sults. The young man in general practice should omit 
their use until he has become fully informed regarding 
the proper procedure. In the field of physical radia- 
tions such as X-rays, ultraviolet rays, etc., the same 
may be said. These radiations may prove beneficial 
or, with excessive or improper application, decidedly 
harmful. 

What has been said rather briefly regarding chemistry 
as a prerequisite and collateral subject for medicine 
could be elaborated almost endlessly. May I suggest 
in closing this phase of my topic that the individual, 
who wishes to appreciate the value of chemistry in 
medical practice, include not only the inorganic and 
organic chemistry, but analytical chemistry which is a 
prerequisite to physical chemistry, and the latter which 
has so many applications in properly interpreting what 
goes on in the human body. Biological chemistry will 
prove a further asset. The significance of chemistry to 
medicine is aptly implied by the title of a recent volume, 
“Medicine in an Age of Chemistry.”’ 


DENTISTR¥ 


Here again the student should prepare himself at 
least to the extent of covering the elementary inorganic 
and organic chemistry. The teeth and jaw bone and 
certain secretions of the mouth contain inorganic com- 
pounds, while the tissues in which bones and teeth are 
embedded are of an organic nature. The chemistry of 
the mouth must then take into consideration what 
might happen to either of these types of compounds. 
Some of the older dentists still adhere to the notion that 
it is unnecessary to use cleansing preparations for the 
teeth or antiseptic solutions for oral treatment. They 
feel that nature provides the defensive materials that 
are necessary. The majority of the more modern 
group do, however, favor the use of the cleansing agents 
and antiseptics, and all of us who read the advertise- 
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ments in the daily papers and the popular magazines 
know how the manufacturers of both types of prepara- 
tions vie with each other regarding the efficiency of 
their products. A paste may cleanse but be too abra- 
sive. In certain other cases, greater abrasive power 
may prove desirable. A knowledge of the substances 
contained in these preparations is essential and there is 
just as much reason for prescribing a cleansing prepara- 
tion for a patient as there is for looking after his teeth 
periodically. In other words, preventive measures are 
even more important than treating the effects of care- 
lessness. When it comes to mouth washes, the mere 
germ-killing or tartar-removing power of a preparation 
is not a sufficient criterion unless you take into account 
the effect of this preparation on the tissues and the 
teeth in the individual case. One mouth may stand 
a wash that contains a hypochlorite or a phenolic body; 
another may be irritated by these. The wash employed 
for oral prophylaxis should therefore serve the spe- 
cific need of the individual rather than be utilized on 
the basis of generally known properties. 

A great variety of chemical substances is utilized in 
the preparation of dental cements of various kinds, 
whether for temporary or for permanent filling. What 
may prove suitable in one case may be decidedly un- 
suited for another. Through the application of a few 
simple chemical tests, the dental practitioner should 
be able to ascertain what best serves his patient. 
And then there are the metallic fillings and inlays and 
crowns. A certain individual may be so sensitive that 
an amalgam filling adjoining a gold inlay will set up 
a sufficient galvanic current to cause real misery. 
Where two kinds of metal or alloy form a contact the 
needs of the patient should be taken into account and 
it might even be better for the dentist to consider the 
electrical potential differences that exist between metals 
and avoid such possibilities entirely. 

Compositions employed in the manufacture of arti- 
ficial teeth and in the production of the various plastic 
materials in which these are embedded are also factors 
in dentistry. While most dentists no longer engage 
in this type of work because of the long experience that 
is necessary for its proper execution, the chemical na- 
ture of substances employed for either the teeth or their 
supporting material is important. 

And then there are the chemicals which are employed 
in the treatment of the patient. Phenolic bodies and 
oils are still largely used under temporary fillings to re- 
lieve pain or treat infections. High-melting waxes of 
various kinds cover these so as to insure contact with 
the area to be treated and at the same time prevent 
seepage into the mouth. How many dentists realize 
that some of these reagents are soluble in the very wax 
that covers them, and therefore gradually work their 
way through to the annoyance of the patient for days 
or even weeks during such treatment? It is possible to 
employ substances which are odorless and practically 
tasteless and which are just as effective without annoy- 
ing the patient. 

Dietetics has come to play an important part in con- 
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nection with tooth preservation. Many dentists realize 
the necessity for the codperation of specialists in this 
field. The writer has his own parents in mind at the 
moment. We all sat together and partook of the same 
food, practically in the same proportions. Mother’s 
teeth crumbled as a result of some metabolic disturb- 
ance, while father attained his three score years and ten 
in full possession of a mouth of sound teeth with the 
exception of one which had been extracted. Undoubt- 
edly a recognition of the cause on the part of the dentist 
or physician in mother’s earlier years would have re- 
sulted in a diet or treatment which would have insured 
sound teeth through a period as long as that enjoyed 
by father. There must be many cases that want just 
such consideration. Even a presumably harmless 
thing like water may cause trouble. In a mid-western 
region, all the inhabitants had brown spots in the tooth 
enamel. It developed that small amounts of fluorides 
in the water caused the trouble. With the substitution 
of a water free from fluorides, the spots disappeared. 

Dental students should at least study general inor- 
ganic chemistry with special reference to its metallur- 
gical aspects, and general organic chemistry with spe- 
cial reference to antiseptic and other organic agents 
employed in oral practice. If the student can afford 
the time, it would be well for him to include a general 
course in physics and a course in biochemistry. 


MISCELLANEOUS PROFESSIONS 


While the value of chemistry has been discussed 
more extensively in connection with engineering, medi- 
cine, and dentistry, it is both of prerequisite and col- 
lateral value in other fields. Some of these will now 
be discussed briefly. 

Biological science in its various branches at least de- 
mands an elementary knowledge of inorganic and or- 
ganic principles and reactions. In zodlogy the processes 
are closely allied to those discussed in medicine, but 
through a wealth of experimental material one is in a 
position to study chemical influences, and there is al- 
most no limit to the application of chemical knowledge. 
The very fact that animals of various types are used as 
assay standards for certain drugs indicates the impor- 
tance of chemical science in one type of zodlogical stud- 
ies. Here it is possible to select a variety of animals 
which according to their choice react similarly to man, 
and so important advances have been made on the 
effects of anesthetics, insulin, the vitamins, the hor- 
mones, enzymes, and a host of other chemical materials. 

In the field of botany, we again encounter a large vari- 
ety of possibilities. Many of us have experimented in 
our own gardens with the introduction of metals of 
various kinds into the soil to see their influence on the 
color of the bloom produced in the plant. The types of 
fertilizers employed in a limited botanical way or on a 
larger agricultural scale offer further evidence of chemi- 
cal values. Whether we have utilized the rapid effect 
of a highly soluble nitrogen bearer, like urea, or the 
slower ammonium compounds or alkali nitrates; 
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whether we have employed the natural phosphate rock 
which has been treated by one chemical process or 
another to render it more suitable for a specific pur- 
pose; whether we have strewn certain salts on the 
greens of a golf course to destroy worms without af- 
fecting the grass; or whether we have scattered chemi- 
cals between the ties along the roadbed of a railway 
to prevent the growth of weeds, chemistry was involved. 
The chemical treatment of the ties themselves pre- 
vents attack upon them by parasites of various types. 
Or again we may have used chemical gases in the dry- 
ing of fruits to prevent fungus formation. The older 
applications of fungicides and insecticides by Pasteur 
and his successors are well known. The newer treat- 
ment for coloring the rind of fruit through exposure 
to ethylene and other organic vapors has enabled us 
to pluck fruit while it looks green and improve its ap- 
pearance. A knowledge of the effects of temperature 
on the rate of chemical reactions has resulted in low- 
temperature storage, or in the freezing of products at 
temperatures still lower than those formerly available, 
through the newer introduction of dry ice. These 
frozen fruits have the natural flavor which is lost in 
canning or preserving processes. 

In bacteriology, the chemical nature of the media is 
now highly significant. We not only prepare a culture 
of a certain type but it must have a definite pH. In 
other words, the hydrogen-ion concentration of the 
medium is a significant factor. The application of 
stains for the identification of various organisms has 
made advances. Thinking of color, an interesting 
point comes to your speaker’s mind. While in France, 
he visited a famous pottery and was surprised to see the 
windows, in the room in which the slip for the body of 
the pottery was being prepared, coated with a deep 
magenta dye. Upon asking the purpose, he was in- 
formed that light of the particular wave-length ab- 
sorbed encouraged the growth of an organism which 
grew in the slip, and whose charring during the firing 
discolored the ware. The absorption of these light 
rays by the dye on the windows entirely prevented the 
growth of the organism. Aérobic and anaérobic bac- 
teria depend on the presence or absence of the first 
element we study, oxygen. 

As geology is somewhat tied up with organic life, 
especially in the carboniferous period, we might give 
thought to this field for a moment. There is still 
considerable controversy as to the origin of coal, pe- 
troleum, and natural gas. The effects produced may 
have been thermal or bacteriological. In either case, 
they involved chemical changes. The existence of an 
entire volume on geochemistry, and extensive journal 
literature, afford a sufficient appraisal of the réle of 
chemistry in geology. There are the igneous rocks, 
the sedimentary deposits—in the one the high tempera- 
ture reactions, in the other the effects of substances in 
solution or the cementing influence of chemical com- 
pounds. The weathering and decomposition of rock 
masses, such as the feldspars, limestones, and phosphate 
rocks, result in soil enrichment. Chemistry is not only 
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involved here but affords an interesting field for fur- 
ther research. For example, books on mineralogy and 
inorganic chemistry have for ages implied that the 
feldspars are decomposed through the influence of 
carbonic acid with the production of potassium car- 
bonate for the soil, and the various clay deposits. 
Comment is in order concerning a note which has never 
been published. During the World War, with a dearth 
of potash in America, it was the speaker’s hope that by 
increasing temperature and pressure he might be 
able to accelerate the weathering of feldspar with 
the production of potassium carbonate. Although 
steam and carbon dioxide were used at high tempera- 
tures and under considerable pressure, the desired 
reaction did not materialize. Is the classical and gener- 
ally accepted theory true? Hardly. Possibly soil acids, 
the products of organic decay, may be the reagents. 

Colloid chemistry has applications in study of the 
phenomena leading to the formation of deltas and the 
precipitation of silts. Mineral composition is expressed 
chemically, and in recent years we have applied X-ray 
studies in crystal structure. Perhaps we are crossing 
the border into the realm of physics, but the structure 
determines the nature of the chemical compound. 
We now know that ions already exist in many natural 
crystalline solids. Mining and metallurgy involve the 
development and utilization of natural biological and 
mineralogical products. Here again chemistry is in- 
dispensable. 

Let us now devote a few minutes to chemistry in 
everyday business life. If you have scanned advertise- 
ments in the daily papers or popular magazines, you 
have observed that chemistry is a talking point to fur- 
ther the sale of a given product. The chemist can 
hardly back all of the claims that are made in some of 
these glaring displays, but many of them have sound 
foundations. Ina department store, you may be shown 
a true color tone under suitable light, or may be told 
that ultra-violet light rapidly produces fading of the 
colors, which fading would progress more slowly on 
exposure to sunlight. The fastness of dyes and colors 
employed in everyday commodities is determined by 
such acceleration tests. Another department may 
demonstrate that a material is cotton or wool, silk or 
rayon, by some simple chemical method. The toy 
department sells chemical sets, though the safety of 
some of the contents is questionable. Some florists 
have silica gardens. Perfumers utilize synthetic aro- 
matics. Food labels indicate permissible perserva- 
tives and artificial colors. Wine labels show alcoholic 
content. Recently the blenders of a whiskey have 
claimed that the furfural content of the bonded article 
is higher than that of the freshly manufactured product, 
as an inducement for the sale of the lower-priced and, 
in their estimation, equally wholesome spirits. One 
manufacturer of rubber goods claims advantages for a 
product electro-deposited from latex. Another tells 
us that the colloidal nature of materials introduced into 
his product insures greater value. There are contro- 
versies. They are along chemical lines and they will 
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serve as sales factors. Certainly one who is going into 
modern business and wants an understanding of these 
talking points should at least have an elementary knowl- 
edge of chemistry. His busines might even carry him 
into the newer motor fuels or industrial chemicals. In 
the latter field he can hardly meet competition unless he 
can speak intelligently regarding the relative merits of 
his product compared with the products of competitors. 

A leading Pittsburgh banker, later Secretary of the 
National Treasury, has said that every man preparing 
for business should take a course in chemistry because 
such training disciplines the mind and develops clear 
analytical thinking power. 

Many who prepare for the legal profession still enter 
this field without any knowledge of forensic chemistry. 
It is inconceivable that chemistry should be omitted 
as a prerequisite for the practice of the law. So many 
controversies today involve our science—in criminol- 
ogy, in litigation over manufacturing or technical proc- 
esses, in determining the authenticity of documents, 
and in other ways—that elementary chemistry would 
at least seem essential to a lawyer, for understanding 
what special witnesses may have to prove. 

And now what about journalism? That some train- 
ing in chemistry is important is obvious to those read- 
ing the articles of feature writers, science editors, and 
also the routine news of the day in our daily and Sun- 
day papers. Some of the largest salaries in the field are 
paid to men with a knowledge of science. The various 
international news agencies employ men who devote 
their entire time to science news. Interviews with 
scientists and popular articles on new applications ap- 
pear in weekly and monthly magazines. We have quite 
a few popular science periodicals. One day you read 
in the morning paper about twenty or more different 
alcohols; on another about heavy water; on a third 
about some criminologist who has detected a poison in 
a murder case, etc., etc. The wise man preparing for 
journalism will not neglect chemical training, for he 
will want to publish true and accurate statements, 
though he may have to make them popular or even 
spectacular. 

The thoughts expressed concerning chemistry as a 
prerequisite and collateral factor in education are not 
those of your speaker alone, but include suggestions 
which have come to him from his colleagues in the 
Chemistry Department of the University of Pittsburgh. 
One of these has gone so far as to include the student of 
theology, for he claims that in the ministry we have to 
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consider not only esthetic values but also the material 
universe about us which is the ‘“Handiwork of God.”’ 
He feels that a clergyman to interpret this handiwork 
properly and give his congregation the appreciation of 
the grandeur of nature, must have an appreciation of 
science; of the ordered Law under which nature oper- 
ates. If the minister is a philosopher, he must appreci- 
ate the influence of the modern theory and the material 
developments of science on human thought, and their 
influence on history and civilization. If he fails to 
realize this, he should think of the time when his voice 
was confined to the four walls of his temple of worship, 
in contrast to our day when his message may be broad- 
cast to the world at large by radio. 

Finally we shall devote the few minutes that are left 
to the general collateral value of chemistry. We have 
been taught to sleep in well-ventilated rooms because 
of the wholesome effect of fresh air. We are provided 
with water which is safe for domestic use and clear for 
the refreshing bath. We cleanse ourselves with what 
may at one time have been prepared on a small scale 
in the home but what is now a large-scale commodity. 
Rodents and vermin no longer abound, for sanitation 
and chemical poisons have been their Nemesis. Our 
food is preserved at a temperature which prevents 
spoilage and, for the emergency, food may be taken 
from a sealed container in which its preservation is 
safe over long periods through prior treatment which 
prevents chemical decomposition. The morning news 
comes to us on a sheet which was once a tree of the 
forest, or some old rags which have undergone change 
as striking as that of our own civilization. The cloth- 
ing which keeps us cool in the summer and warm in the 
winter is better for the chemical attention the fibers 
have had, and more attractive through the rainbow 
which has arisen from a lump of coal. We go back and 
forth in conveyances whose construction is chemically 
dependent in every detail and whose motive power 
comes from a chemical product. The affairs of the 
day are endlessly involved with chemistry, and our 
entertainment, whether by radio or motion picture, 
would be impossible were it not for the chemical de- 
velopments which brought about these modern marvels. 
It was said at one time “‘a little knowledge is a danger- 
ous thing’; without at least a little chemical knowledge 
today it would seem that one is woefully ignorant. We 
need it for an appreciation of the blessings of our time 
and for the rounding-out and enrichment of our very 
lives. 





In treating any particular subject I would first of all make some experiments, because my design is first to refer 


to experiments and then to demonstrate why bodies are constrained to act in such a manner. 
ought to follow in investigating the phenomena of Nature. 


This is the method we 
Ex- 


Theory ts the general, experiments are the soldiers. 


periment ws the interpreter of the artifices of Nature. It is never wrong; but our judgment is sometimes deceived 


because we are expecting results which experiment refuses to give. 


We must consult experiment and vary the cir- 


cumstances, till we have deduced general laws, for it alone can furnish us with them.—LEONARDO DA VINCI 
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The VITAMINS’ 


Il. THE WATER-SOLUBLE VITAMINS 


VICTOR E. LEVINE 
Creighton University School of Medicine, Omaha, Nebraska 


VITAMIN B, 


SYNONYMS: Water-Soluble B;; Anti-neuritic Vita- 
min; Anti-beriberi Vitamin; Appetite-Stimulating Vi- 
tamin. 

Vitamin B,; has been obtained in crystalline form. 
According to R. R. Williams (1935) the formula for 
vitamin B; indicates the presence in the molecule of 
a pyrimidine base and of a thiazole derivative. 


HC C 


N—C-C2Hs 
Vitamin B; hydrochloride (Williams, 1935). 


i ¥e 
C—C: CHz :CH,OH 
NK cH—S-HCI 


BIOLOGIC FUNCTIONS 


Promotes growth. 

Essential to normal nuclear metabolism. 

Stimulates appetite. 

Essential for the maintenance of the gastrointestinal 
tract. 

Essential for normal reproduction and lactation. 

Concerned in the intermediate metabolism of carbo- 


hydrate. 
Essential for the normal functioning of the nervous 


system. 
Increases resistance to infection. 


PATHOLOGICAL FINDINGS AS A RESULT OF DEFICIENCY 


Impaired growth, loss of weight, emaciation. 

Nuclear degeneration. 

Loss of vigor, muscular weakness, fatigue. 

Impairment of digestive processes: loss of appetite, 
inflammation of the tongue, gastrointestinal stasis, 
decreased motility of the stomach, lowered gastric 
acidity, intestinal atony, constipation, ulceration, 
colitis. 

Lowered energy metabolism: fall in basal metabo- 
lism, subnormal temperature, lowered blood pressure, 
slowed pulse rate (bradycardia). 

Disturbances in the metabolism of carbohydrate: 
lowered glucose tolerance, hyperglycemia with termi- 
nal hypoglycemia, increase in the lactic acid content, 
and decrease in the oxygen uptake of brain tissue. 

Thompson and Johnson (1935) found abnormally 
large units of bisulfite-binding substances in the blood 
of B; avitaminous pigeons and rats, an accumulation 
independent of the accompanying starvation. This 
accumulation is specifically related to vitamin B, de- 
ficiency. The increase in bisulfite-binding capacity 
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of the blood of avitaminous pigeons is probably due 
entirely to pyruvic acid. 

Cardiac damage: hypertrophy of the right heart; 
decompensation. The cardiac involvement in vitamin 
B; deficiency is not amenable to treatment with digi- 
talis, but is very favorably influenced by vitamin B, 
therapy. 

Involvement of the nervous system: loss of co- 
ordinating power of the muscles, leading to paralysis of 
the limbs. Little atrophy of the central nervous sys- 
tem, the paralytic symptoms being due mainly to im- 
paired functional activity of the nerve cells rather than 
to their degeneration. Convulsions; vomiting. In 
birds: opisthotonos, emprosthotonos, convulsive seiz- 
ures, cartwheel turning. 

Sterility in the male due to atrophy of the testes with 
shrunken tubules and absence of spermatozoa. 

Sterility in the female due to cessation of cestrus 
cycle as the result of failure of ovulation. 

Diminished resistance to infection, especially in the 
gastrointestinal system and in other organs as a result 
of the passage of bacteria through an impaired ali- 
mentary tract. 

Fat has a sparing action on vitamin B;. Fat spares 
vitamin B,; by decreasing the amount dissipated in the 
metabolism of the rat (Evans and Lepkovsky, 1935). 

Specific disease produced as a result of deficiency: 
beriberi. 

CHEMICAL STABILITY 


Destroyed on heating, the extent of the destruction 
depending upon temperature and hydrogen-ion concen- 
tration. The higher the temperature or the less acid 
the medium the greater is the destruction. 

Sherman and Grose (1923) determined the effect of 
heat on vitamin B complex (which may be interpreted 
to hold good for vitamin B,) of tomato juice at its 
natural acidity (pH 4.3). At 100°C., for one hour the 
inactivation was 20 per cent.; at 110°C., 33 per cent., 
at 120°C., 45 per cent., and at 130°C., 58 per cent. 

Sherman and Burton (1926) reported the effect of . 
heating vitamin B, in tomato juice for one hour at 
100°C. under different hydrogen-ion concentrations. 
At pH 5.4, the inactivation was, 10 per cent., at pH 
7.9, 30 to 40 per cent.; at pH 9.2, 60 to 70 per cent.; 
at pH 10.9, 90 to 100 per cent. 

The destruction of vitamin B; is not due to oxidation, 
since the same results are obtained whether the heating 
is done in loosely covered flasks or under very strictly 
anaérobic conditions. 


ARTIFICIAL SOURCES AND CONCENTRATES 


Marmite (67). 

Torulin. 

Filtrate from mercuric sulfate precipitated in the 
preparation of torulin (vitamin B; concentrates from 
baker’s yeast) by the Kinnersley and Peter’s method 
(1927). 

Aqueous extract of baker’s yeast is treated with 
neutral lead acetate (1). The precipitate (1) is dis- 
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carded. The filtrate (1) is treated with baryta water 
and the precipitate is again discarded (2). The filtrate 
(2) is treated with sulfuric acid and the precipitated 
barium sulfate (3) discarded. The filtrate (3) is 
treated with mercuric sulfate and the precipitate re- 
served for the preparation of vitamin By. 

The last filtrate is made up to pH 7.0 and treated 
with norite charcoal and the filtrate is again treated with 
norite charcoal. The charcoal collected on the filter 
paper is extracted with 0.1N HCl. The filtrate is dis- 
carded. The norite is now extracted with 50 per cent. 
alcohol and filtered. The alcoholic extract known as 
torulin is rich in vitamin B,. 


NATURAL SOURCES* 


Cereals: wheat germ (63); middlings (40); 
(20); malt extract (10); whole-grain cereals (10). 

Vegetables: pulses (13); parsnips (7); artichokes 
(5); cabbage (5); leeks (5); tomatoes (5); potatoes (5). 

Hanning (1934) has determined the number of Chase 
and Sherman units of vitamin B,; in one-ounce samples 
of the following foodstuffs: canned strained tomatoes 
(20-24), canned strained peas (7-8), canned strained 
green beans (4.7), canned strained carrots (4.3), 
canned strained beets (3.3), and canned strained spin- 
ach (2.5). 

Fruits: orange juice (6). 

Seedless Thompson grapes, according to Morgan, 
Kimmel, Field, and Nichols (1935), contain 20 to 25 
Chase and Sherman units of vitamin B. 

Morgan, Hunt, and Squier (1935) have reported that 
dried California (French) prune flesh contains 22.7 to 
28.4 Chase and Sherman units of vitamin B; per ounce. 
This quantity is approximately one-tenth the amount 
found in wheat germ and nearly one-half of the vitamin 
B, content of whole wheat. 

Fresh figs—Kadota and Adriatic varieties—each 
contain 10 units of Chase and Sherman units of vitamin 
B,; per ounce. Unsulfured dried Adriatics retain 61 
per cent. and the dried sulfured Kadota and Adriatic 
_varieties retain 37 per cent. or less of their vitamin B, 
content. (Morgan, Field, Kimmel, and Nichols, 1935.) 

Douglas, Halloway, Williams, and Garrison (1934) 
have found that one ounce of fresh Bosc pear contains 
4.7 Chase and Sherman units of vitamin Bj. 

Dairy products: dried skim milk (10); egg yolk (7). 

Meats and fish: kidney (8); liver (7). 

Oysters contain 42.5 Chase and Sherman units per 
ounce (Whipple, 1935). No appreciable destruction 
of vitamin B, occurs during the cooking of oysters. 

Miscellaneous: dried brewer’s yeast (100); nuts 
(20-40); roes (7). 


bran 


BIOLOGIC TEST 


The biologic test for vitamin B, is carried out on 
animals kept on a vitamin B,-free diet. Any substance 
administered is said to have vitamin B, potency when 

* The figures in parentheses, unless otherwise stated, indicate 
the relative vitamin B,; potency according to PLImMER, RAy- 


MOND, AND LOWNDES (1933), taking dried brewer’s yeast as the 
standard with a potency of 100. 
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it induces the resumption of growth, the return of the 
appetite to normal, and the disappearance of the neuro- 
genic symptoms characteristic of the polyneuritic syn- 
drome due to lack of vitamin B. 


CLINICAL TEST 


(1) Vestibular function test for vitamin B, deficiency. 
The vestibular test consists of at least three successive 
observations on the duration of nystagmus, the direc- 
tion of rotation being reversed after each observation. 
The durations of nystagmus following clockwise rota- 
tions are averaged, and similarly the durations follow- 
ing counter-clockwise rotations. The mean of these 
two averages is taken as the result of the test. Vita- 
min B;-deficient animals show an increase in the dura- 
tion of nystagmus. The increase in duration makes its 
appearance before any other neurologic symptom. 

(2) The catatorulin test, which indicates the power of 
vitamin B, to restore a specific im vitro respiration in 
avitaminous-B,; tissue (Passmore, Peters, and Sinclair, 
1933; Kinnersley, O’Brien, and Peters, 1935). 


CHEMICAL TEST 


Formaldehyde-Azo Test (Kinnersley and Peters, 
1934). Diazotized sulfanilic acid is added to a reagent 
containing an aqueous solution of sodium bicarbonate 
and sodium hydroxide. After one minute a drop of 40 
per cent. formaldehyde and the vitamin solution of an 
acidity greater than pH 4.0 are added. A pink color 
develops which slowly fades to yellow. The limit of 
sensitivity is 1.5 to 2.0y of crystalline vitamin B,. 
Reasonably accurate estimates of color can be made 
with solution containing 5 to 10y crystalline vitamin 
Bi. 

SPECTROSCOPIC TEST 
Crystalline vitamin B; in acid alcohol shows selec- 


tive absorption with a maximum at 245-247 my (Holi- 
day, 1935). 


VITAMIN B, 


SYNONYMS: Water-Soluble Bz; Vitamin G; 
Anti-pellagra Vitainin; Anti-dermatitis Vitamin. 


BIOLOGIC FUNCTIONS 


Essential for proper functioning of the gastrointes- 
tinal tract. 

Essential for normal nutrition and maintenance of the 
cutaneous system. 

Involved in normal hematopoiesis. 

Essential for normal maintenance of the visual appa- 
ratus. 


PATHOLOGICAL FINDINGS AS A RESULT OF DEFICIENCY 


Cessation of growth and cachexia. 

Disturbances in the alimentary system: stomatitis, 
soreness, and inflammation of tongue, gastric hypo- 
acidity or anacidity, enteritis, marked diarrhea, putre- 
faction as indicated by the large amounts of indican in 
the urine. 
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Disturbances in the cutaneous system: in the human 
being, symmetrical lesions on face, feet, back of neck, 
scrotum, showing erythema, thickening, and ulceration. 

Disturbances in the nervous system due to organic 
lesions in the spinal cord and in the central nervous 
system, which, in the human being, may lead to de- 
mentia. 

Disturbances in the hematopoietic system: severe 
anemia responding to specific treatment with vitamin 
Bp. E 

Disturbances in the visual apparatus: in the experi- 
mental animal, soreness of the eyes and abnormal secre- 
tion, with a tendency to sticky lids and frequent rub- 
bing and occasional scratching of the eyelids by the 
animal. The fur may fall out around the eyes, leaving 
bald and inflamed lids. Formation of cataract. 

Specific disease produced as a result of deficiency: 
pellagra. 

CHEMICAL STABILITY 


More stable to heat and alkalies than vitamin By. 
Vitamin B, is relatively thermo-labile, whereas vita- 
min Bg is relatively thermo-stable. 

Dried yeast heated in an autoclave for 1.5 hours at 
120°C. loses anti-neuritic potency, but retains prac- 
tically all of the anti-pellagrous component. 

Heating dried yeast at 105°C. for two weeks does 
not affect its vitamin B, potency. Heating dried yeast 
at 150°C. for the same length of time brings about 
complete loss of potency. 

Vitamin B, is relatively heat-stable in acid solution, 
but is eventually destroyed in alkaline medium, the rate 
of destruction increasing rapidly with increasing alka- 
linity. 

Vitamin B, is comparatively stable to prolonged 
heating when the reaction mixture is acid (pH 5.0 to 
3.0), retaining half of its potency after 4 hours at 122 
to 124°C. 

Heating for 1 hour at 120°C. at pH 7.2-8.7 an aque- 
ous extract of yeast or marmite or a watery liver ex- 
tract results in a loss of 50 per cent. of the original vita- 
min B, potency. 

Vitamin B, (at pH 8.0 to pH 10.0) loses 30 per cent. 
of its potency in 10 days at room temperature, 50 
per cent. in 2 hours, at 122°C., 75 to 100 per cent. in 
4 to 6 hours at 122°C. 


ARTIFICIAL SOURCES AND CONCENTRATES 


Dried brewer’s yeast autoclaved for 1.5 hours at 
120°C. 
Liver extract used in the treatment of pernicious 
anemia. 
NATURAL SOURCES* 
Cereals: wheat germ. Cereals are rich in vitamin 
Bi, but relatively poor in vitamin Bo. 
Vegetables: turnip tops (85); beet tops (71); carrot 
tops (57); peas, dried (28-35); spinach, winter (28); 


* The figures in parentheses represent vitamin Bz values in 
Bourquin units per ounce, following the system adopted by H. C. 
Sherman. 
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water cress (28); cabbage (14-28); carrots (14-21); 
lettuce (14-21); beets (14); cauliflower (14); pigeon 
peas (14); turnips (7-14); potatoes (6-8); onions (3-4). 

Hanning (1934) has reported the number of 
Bourquin and Sherman units in one-ounce samples of 
the following foodstuffs: canned strained spinach 
(7.5-11.8), canned strained peas (7.5-8.6), canned 
strained tomatoes (6.7), canned strained green beans 
(6.0), canned strained beets (3.0), and canned strained 
carrots (2.5). 

Fruits: ripe plantain (56.7); pears (14); bananas 
(10); oranges (6-18); apples (6-7); watermelons (3). 

Douglas, Halloway, Williams, and Garrison have 
found one ounce of fresh Bosc pear to contain 6.1 Bour- 
quin and Sherman units of vitamin Be. 

Morgan, Hunt, and Squier (1935) have determined 
the vitamin B, content of dried California (French) 
prunes. The dried prune flesh contains 75 Bourquin 
and Sherman units per ounce. This quantity is larger 
than has been reported for any other fruit, and is com- 
parable with the value found for wheat germ, and is 
one-half to one-fourth that of dried brewers’ yeast 
and liver. 

Vitamin B, is present in figs to the extent of 8.6 to 
14.2 Bourquin and Sherman units per ounce (Morgan, 
Field, Kimmel, and Nichols, 1935). 

Dairy products: milk, malted, dry (71); milk (11- 
21); egg yolk (65); egg white (21-42); egg, whole 
(28). Milk is comparatively poor in vitamin B, but 
relatively rich in vitamin Bp. 

Meats and fish: beef liver (227-284); veal liver (242); 
beef kidney (227); veal kidney (227); beef heart (85); 
veal, round, lean (42); beef, round, lean (26-31); beef, 
average fat (23-26); bacon, average fat (8-14). 

Miscellaneous: brewer's yeast, dried (213-425). 


VITAMIN Be AND THE FLAVINS 


The flavins are organic compounds which yield bright 
yellow-green fluorescence in solutions. The isolation 
and composition of the flavins have been investigated 
by a number of workers—Warburg and Christien 
(1933), Kuhn, Gyorgy, and Wagner-Jauregg (1933), 
Ellinger and Koschara (1934), Karra, Salomon, and 
Schépp (1934), Stern (1934), and Itter, Orent, and Mc- 
Collum (1935). The flavins isolated from egg-white 
(ovoflavin), from whey (lactoflavin), from liver (hepa- 
toflavin), and from yeast are very similar if not identi- 
cal. The formula attributed to the flavins is Ci7H20- 
N4Os. 

Within the last two years attempts have been made 
by means of animal experimentation to identify the 
flavins with vitamin B,. Gyérgy, Kuhn, and Wagner- 
Jauregg (1933), employing the Bourquin-Sherman diet 
supplemented with vitamin B, and with vitamin By, 
reported the interesting fact that 5 micrograms of flavin 
was required by a rat per day to increase its weight by 
40 grams in 4 weeks. Karrer and von Euler (1933) 
prepared a flavin from liver which gave a good response 
to growth on a vitamin B,-deficient ration. Kuhn 
(1933) and Booher (1933) described a flavin from milk 
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with very great vitamin B, potency. Booher’s com- 
pound displayed vitamin B, activity in a dose as low as 
one milligram per rat per day. 

Elvehjem and Koehn (1935) have just recently dis- 
proved the identity of the flavins with vitamin B,. 
They claim that vitamin B, is a chemical entity separate 
and distinct from flavins. They succeeded in preparing 
a vitamin Be concentrate from liver extract by adsorp- 
tion with fuller’s earth. The material removed by the 
fuller’s earth carried the hepatoflavin, but it was de- 
void of vitamin B, potency. The filtrate, however, 
possessed vitamin B, potency. 

Elvehjem and Koehn departed from the usual pro- 
cedure. They did not employ growth as the biologic 
indicator for the presence of vitamin B,. They used 
the chick as the experimental animal and the appear- 
ance of the cutaneous symptoms of pellagra as the 
criterion for vitamin B, deficiency. The animals re- 
ceiving the basal ration plus the flavins (free from 
vitamin B,) showed more severe symptoms of pellagra 
than those on the basal ration alone. 


VITAMIN B; 


BIOLOGIC FUNCTION 
Promotes growth in the pigeon. 
CHEMICAL STABILITY 


Exceedingly thermo-labile, since it is destroyed by a 
temperature as low as 60°C. 


NATURAL SOURCES 


Cereals: whole wheat; wheat germ. 
Miscellaneous: yeast. 


VITAMIN B, 


BIOLOGIC FUNCTIONS 


Promotes growth in rats. 
Essential in neuromuscular equilibrium. 
Required for the production of litters in the rat. 


PATHOLOGICAL FINDINGS AS A RESULT OF DEFICIENCY 


The pathological findings are best given by describing 
the course of vitamin B, deficiency. Rats are raised to 
adult size on a basal diet plus vitamins B,, Be, and By. 
They are then deprived of vitamins B, and B, until 
polyneuritis sets in (Reader, 1930). 

Feeding vitamin B, at this stage cures the convul- 
sions and the paralysis in a few hours. The weight now 
ceases to fall and is maintained on a level. 

Although relieved of the symptoms of polyneuritis 
the animals still show general muscular weakness, 
swollen, red paws, a tendency to sit in a hunched po- 
sition, and a tendency to walk with a rolling gait. The 
fur appears yellowed and greased, and nasal hemorrhage 
may occur. 

Addition at this point of a food substance or concen- 
trate containing vitamin B, leads to an increase in 
weight and to greater bodily activity, and the gait be- 
comes normal in about a week. 
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If no vitamin B, is administered, the rat becomes 
worse and dies within 10 to 14 days. 

From the above picture we may be led to believe that 
beriberi is probably B, + By, deficiency and that pel- 
lagra is probably B, + By, deficiency. 


CHEMICAL STABILITY 


Stable in acid medium, but loses potency when kept 
in storage in aqueous solution even at 0°C. 

In contrast to vitamin Be, vitamin B, is thermo-labile 
in alkaline medium. Yeast heated at pH 9.4 for 5 
hours at 15 pounds pressure loses its vitamin B, 
potency, whereas under the same conditions the 
vitamin B, present still shows biologic activity. 

The stabilities of vitamins B, B, (G) and B, have 
very recently been investigated by Keenan, Kline, 
Elvehjem, and Hart (1935). They observed that vita- 
min B, in yeast, liver, and in a natural grain ration was 
destroyed completely by autoclaving, and inactivated 
to a great extent in yeast and liver by heating in the 
fresh state at 100°C. for 24 hours. Vitamin B, (G) 
was inactivated in the foodstuffs tested by a dry heat 
treatment at 120°C. maintained for a period of 24 
hours. Vitamin B, is relatively stable to this ther- 
maltreatment. Under such conditions vitamin B, (G) 
does not conform to the conception that it is the more 
heat-stable factor. 

Vitamin B, is similar in heat stability to vitamin B,. 
The similarity in heat stability of vitamins B; and B, in 
yeast and in liver raises the question as to whether 
some of the abnormalities which have been ascribed to 
the syndrome of polyneuritis may not be due in part 
at least to a deficiency in vitamin By. 

Barnes, O’Brien, and Reader (1933) have isolated 
from yeast an unknown base, C,H,N,HCl-!/2H,0, 
which has the biologic properties of vitamin B,, and 
which consists of colorless, rod-like crystals, subliming 
at 270°C., soluble in water, insoluble in absolute alco- 
hol, ether, or acetone, and quickly inactivated by alkali. 
Tschesche (1933) confirmed the findings of Barnes, 
O’Brien, and Reader and identified the compound as 
adenine. 

Since it has been recently shown that pure adenine 
has no potency, it is reasonable to state that vitamin 
B, accompanies this compound as an impurity. 


ARTIFICIAL SOURCES AND CONCENTRATES 


The mercuric sulfate precipitate from the preparation 
of torulin is used for the preparation of vitamin B, 
concentrate (Reader, 1934). 

Vitamin B, concentrate may also be prepared by ad- 
sorption upon fuller’s earth (Seidell) following a lead 
acetate precipitation (Guha, 1931). 


NATURAL SOURCES 


Cereals: whole wheat; wheat germ. 
Vegetables: lettuce; spinach; alfalfa. 
Dairy products: milk. 

Meats and fish: liver; ox muscle. 
Miscellaneous: yeast. 
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VITAMIN C 


SYNONYMS: Water-Soluble C; Anti-scurvy Vita- 
min; Anti-scorbutic Vitamin; Ascorbic Acid; Ascor- 
binic Acid; Cevitamic Acid. 

Formula for Vitamin C (Ascorbic Acid) (Karrer, 1933). 
HOC==—=—COH 


CH.0H:CHOH—CH Co 
O 


SYNTHESIS OF ASCORBIC ACID IN THE LABORATORY 


Reichstein in Ziirich has succeeded in preparing ascor- 
bic acid by synthesis from /-xylose. 
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Ascorbic Acid 


CH,0H CH,0H 


SYNTHESIS OF ASCORBIC ACID IN THE BODY 


The mechanism involving the synthesis of ascorbic 
acid in the body has been suggested by Mosonyi (1934). 
This investigator observed that the redticing ability 
(ascorbic acid content) of the adrenals of the rat in- 
creased to the same degree after the administration of 
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Henze’s ketol (3-hydroxyhexane-1,5-dione) "as after the 
administration of ascorbic acid. The ketol is prob- 
ably an intermediate product. 

The synthesis of ascorbic acid may follow the chemi- 
cal pattern given below: 


CHs 


| 
co 


HCOH 
CH; 
CO 


| 
CH; 


3-Hydroxyhexane-1,5-dione 


Enolization 


COOH € 


| 
a COH 


J | O 
— — | 
HCOH - 
HCOH 


| 
HCOH 
H,OH CH,0H 
Ascorbic Acid 


Oxidation 


BIOLOGIC FUNCTIONS 


Required for the formation and maintenance of in- 
tercellular cement substance. 

Required for normal bone and tooth formation and 
maintenance. 

Involved in normal hematopoiesis. 

Increases resistance to infection. 


PATHOLOGICAL FINDINGS AS A RESULT OF DEFICIENCY 


Loss in weight, fatigue, loss of appetite. 

Derangement in bone and teeth: decalcification, de- 
struction of odontoblasts, decay of teeth, loosening and 
shedding of teeth due to swelling and hemorrhage in 
gums; fragility of bones, spontaneous fracture. 

Hemorrhage as a result of loss of intercellular cement 
substance with increased fragility of the capillaries in 
mucous membranes, skin, gums, joints, limbs, bone 
marrow, muscle and other tissues. 

Degeneration of the skeletal muscles accompanied by 
foci of fibrinoid degeneration and hyperplastic connec~ 
tive tissue. 

Rheumatic pain and swelling in joints and limbs. 

Pathologic changes in the joints characterized by 
hyaline fibrinous material in joint spaces, usually ad- 
hering to or replacing the synovia, and by areas of 
hemorrhage and eosinophilic hyaline material in the 
subsynovial, capsular, and periarticular tissues. 

Lowered resistance to infection. 

The pathologic similarities between rheumatic fever 
and experimental scurvy combined with infection have 
been strikingly demonstrated by Rinehart, Connor, and 
Mettier (1934). 

Anemia, not curable by the administration of massive 
doses of iron salts or liver extract, but specifically by 
the administration of vitamin C. 
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Specific disease produced as a result of deficiency: 
scurvy. 
CHEMICAL STABILITY 


More stable in acid than in alkaline medium. 

Spraying of orange trees with lead acetate causes 
reduction in the acidity of the juice of the orange, a de- 
crease in sucrose with a corresponding increase in in- 
vert sugar (Gray and Ryan, 1921; Juritz, 1925; Haw- 
kins and Barger, 1927). The vitamin C content of 
oranges from trees sprayed with lead arsenate is con- 
siderably lower than that of oranges from unsprayed 
trees of the same variety and same degree of maturity 
(Nelson and Mottern, 1932). 

Destroyed by oxidation or on heating in the presence 
of air. Heat alone in the absence of air or oxygen does 
not destroy the potency of vitamin C. 

By removing dissolved oxygen in liquid and solid 
foods by vacuum exhaust and by operating in atmos- 
pheres free from oxygen, canning of foods may becarried 
out with retention of anti-scorbutic potency. 

A specific oxidase, ascorbic acid oxidase, has been 
reported by Tauber and Kleiner (1935) to oxidize ascor- 
bic acid. The enzyme requires the presence of atmos- 
pheric oxygen, which acts as a hydrogen acceptor. The 
oxidized ascorbic acid has no reducing properties. It 
may, however, be transformed into its original state 
by treatment with hydrogen sulfide. 


ARTIFICIAL SOURCES AND CONCENTRATES 


Ascorbic acid (hexuronic acid) prepared according to 
the methods of Szent-Gyérgyi (1928), Svirbely and 
Szent-Gyérgyi (1932), and King and Waugh (1932). 


NATURAL SOURCES* 


Cereals: corn, fresh (5); corn, canned (3). Vitamin C 
is lacking in dry mature seeds (cereals, legumes), but 
develops in the process of germination. 

Vegetables: peppers, raw (25); spinach, raw (25); 
cabbage, raw (20); parsley (15); peas, raw (15); 
tomatoes, raw (15); canned (15); peas, canned (10); 
spinach, canned (10); cabbage, sauerkraut (5); tur- 
nips (4); beets (3); carrots (3); celery (3); escarole 
(3); onions, white (3); potatoes, white (3); potatoes, 
sweet (3); egg plant (2); lettuce (2). 

Fruits: grapefruit (15); lemons (15); oranges (15); 
tangerines (15); strawberries (10); bananas (5); 
peaches, raw and canned (5); pineapple (5); apples (5); 
grapes (2). 

Manville, McMinis, and Chuinard (1934) reported 
the vitamin C units per ounce of the following varieties 
of apples: Yellow Newton (6), Delicious (3), Rome 
Beauty (3), Stayman (3), and Winesap (3). Manville 
and Chuinard (1934) also reported the vitamin C con- 
tent of a few varieties of pears (after a short storage 
period): D’Anjou (4), Winter Nelis (3), Bosc (2.5). 


* The figures in parentheses represent units of vitamin C per 
ounce, following the system of Rice and Munsell, and adopted 
by H. C. Sherman. 
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After prolonged storage the figures obtained were as 
follows: D’Anjou (2) and Winter Nelis (3). 

Dairy products: milk (raw). 

Meats: liver. 


QUANTITATIVE CHEMICAL DETERMINATION OF ASCORBIC 
ACID ) 


At present the vitamins are assayed in terms of bio- 
logic units or in terms of chemical units (International 
Units). As our knowledge relating to the chemical 
composition, isolation, synthesis, and chemical identi- 
fication increases, the unit system is bound to give way 
to the method usually followed in quantitative pro- 
cedures, and the results of analysis will be given in ab- 
solute terms, in percentage, or in milligrams or grams 
per definite weight. A beginning in this direction has 
already been made with reference to ascorbic acid, 
which may be determined by a purely chemical pro- 
cedure (reduction of 2,6-dichlorophenolindophenol). 

Birch, Harris, and Ray (1933), using the chemical 
procedure mentioned, give the following figures for the 
ascorbic acid content of a variety of foods: 


Mg. per gram 
0.60-0.62 
0.48-0.75 
0.59-0.65 
0.30 

0.15 


Fruits 


Lemon juice 
Orange juice 
Grapefruit juice 
Pineapple juice 
Banana 
Apples: 
Bramley’s seedlings 
cortex 
peel 
Newton Winsor 
cortex 
peel 
Blenhein orange 
cortex 
peel 
Edward VII 
cortex 


0.16 
Bute 


0.053 
0.24 


peel 

Cox’s orange Pippin 
cortex 
peel 


Vegetables 


Horseradish 
Cabbage 
Watercress 
Rhubarb 
Potato 
Carrots 


Miscellaneous 
Suprarenal cortex, ox 
Liver, ox 
Milk, cow’s 


0.68 
0.025-0.019 
Becker (1935) determined the ascorbic-acid content 
of vitapric, a jam-like substance produced from the 
juice of ripened paprika fruits, having a spicy and some- 
what sweetish taste and a deep red color, and used as 
a jam or a coloring agent in foods. It is extremely 
rich in ascorbic acid (0.45 per cent. or 4.5 mg. per gram.) 
D. Gleria (1934) reported the following figures for 
milligrams of ascorbic acid per gram: 


Mg. per gram 
4.61 
1.80 
1.78 
0.38 
0.18-0.55 


Fruits 
Vitapric 
Paprika puree 
Lemon 
Pears 
Apples 
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Vegetables 
Spinach flour 
Tomato flour 
Tomato cheese 
Tomato juice 
Boiled tomatoes 
Fresh spinach 
Onion 


Ghosh and Guha (1935) reported on the ascorbic 
acid content of Indian foodstuffs: 


Food 


cooornn 
RRESESS 


Mg. per gram 
1.04 
0.69 
0.48 
0.19 
0.18 


Guava 
Mango (langra variety) 
Lichi 


Lemon 
Orange 


BIOLOGIC TEST* 


(1) The test is carried out with guinea pigs that have 
developed the characteristic symptoms of scurvy on a 
basal diet lacking in vitamin C. The addition to the 
basal diet of a foodstuff or food concentrate containing 
this vitamin brings about a cure of the deficiency dis- 
ease. 

(2) The test is carried out according to Héjer (1926) 
by the examination of a cross-section of the roots of 
the incisors of the guinea pig. On a fully protected 
anti-scorbutic diet, a section of the root of the incisor 
stained with hematoxylin and eosin shows a broad 
uniformly stained pink layer of dentin, a white uncalci- 
fied predentin, a layer of long, slender, parallel odonto- 
blasts, and a pulp of star-shaped cells. When vitamin 
C is completely lacking in the diet, the dentin is rather 
thin, and the predentin is stained very dark because it 
is calcified. The odontoblasts no longer exist as a 
continuous layer, but seem to be on a disordered march 
into the hyperemic pulp. The changes characteristic 
of scurvy with reference to dental pathology may be 
observed in the teeth earlier than in any other part of 
the body. The histological test, using the incisor as the 
index material, may be made 10 to 14 days after the 
animal has been placed on a scorbutic diet. The 
method has been found satisfactory by Goetsch (1928) 
and by Eddy (1929). 

(3) The test consists in measuring the rate of growth 
of the incisor teeth of the guinea pig when the animal is 
placed on a basal diet plus the particular foodstuff or 
food concentrate that is being assayed for vitamin C. 


CLINICAL TEST 
The test consists in measuring capillary resistance, 


* The International Conference (League of Nations, Health 
Organization) has adopted 0.05 mg. of /-ascorbic acid as the bio- 
logic unit for vitamin C. 
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which is markedly lowered in scurvy. Owing to lack 
of cement substance the capillaries become very fragile. 
On the application of positive or negative pressure, 
petechial hemorrhages make their appearance (Leede, 
1911; Hess, 1914; Stephan, 1900; Ohnell, 1928; 
Géthlin, 1931; Dalldorf, 1931; Dalldorf and Russell, 
1935). 


CHEMICAL TESTS 


(1) Ascorbic acid in aqueous solution reacts with 
benzoylhydrazine to form a compound which crystal- 
lizes in yellow clumps of needles melting at 192-194°C. 
(R. Fischer, 1935). 

(2) Ascorbic acid in aqueous solution, when boiled 
with hydrochloric acid, decomposes with the evolution 
of carbon dioxide and with the formation of furfural. 
The furfural may be identified by the color reactions 
obtained with aniline acetate, phloroglucin, or orcinol. 

(3) A slightly alkaline solution of ascorbic acid is 
treated with ferrous sulfate. In contact with air the 
reaction forms a beautiful, dark violet color (Szent- 
Gyéorgi, 1934). The violet color is due to the forma- 
tion of an oxide of the primary ferro-vitamin complex. 
It may be reduced to a leuko compound by a small 
amount of hydrosulfite, and the color may be restored 
by shaking with air. 

(4) Ascorbic acid has powerful reducing properties. 
It reduces in the cold sodium selenite in acid medium 
(Levine and Rosenthal, 1934), selenious acid and gold 
chloride (Emmerie, 1934), methylene blue (Martini 
and Bonsignore, 1934), dichlorophenolindophenol (Tell- 
mans, Hirsch, and Hirsch, 1932), phosphomolybdic 
acid complex (Bezssonoff, 1923), silicomolybdic acid 
(Levine, Smazal, and Booher, 1935), and ferricyanide 
(Tauber and Kleiner, 1935). 

Quantitative methods for the determination of 
vitamin C have been devised on the basis of its ability 
to reduce methylene blue (Martini and Bonsignore, 
1934), to reduce 2,6-dichlorophenolindophenol (Till- 
mans, Hirsch, and Hirsch, 1932), and to reduce ferri- 
cyanide with the subsequent formation of Prussian 
blue and its colorimetric estimation (Tauber and 
Kleiner, 1935). 


SPECTROSCOPIC TEST 


Solutions of ascorbic acid in acetate buffer (pH 5) con- 
taining 0.001 N KCN show a band at 265 mu (Robert- 
son, 1934). The acidity and the cyanide are required 
to stabilize the ascorbic acid. 





Science alone can give us true conception of ourselves and our relation to the mysteries of existence. 


Only the 


sincere man of science—and by this title we do not mean the mere calculator of distances, or analyzer of compounds, 
or labeler of species; but him who through lower truths seeks higher and eventually the highest—only the genuine 
man of science, we say, can truly know how utterly beyond not only human knowledge but human conception is the 
universal power of which nature, and life and thought are manifestations. HERBERT SPENCER 





ELEMENTS of the QUANTUM THEORY 


V-A. THE RIGID ROTATOR 
SAUL DUSHMAN 


Research Laboratory, General Electric Co., Schenectady, New York 


THE SCHROEDINGER EQUATION IN THREE DIMENSIONS 


N ORDER to discuss such problems as that of the 
rotational energy states of a diatomic molecule, or 
the energy states of a hydrogen-like atom, it is 

necessary to formulate the S. equation in three dimen- 
sions. As in the case of the equation in one dimension, 
we employ as a starting point the equation for the 
propagation of a wave motion, which in the case of 
rectangular axes has the form 


oy , w , WM _  , 1 dy 
dxt T dy + Oei VY = a Oe 


(143) 
where y is the amplitude, V? is designated the Laplacian 
differential operator, and u is the velocity of propaga- 
tion of the wave. This is a partial differential equation 
of the second order, and the complete integral must de- 
fine Y as a function of the three coérdinate variables 
and of the time, ¢. 

As in the solution of equation (29) in chapter II we 
assume 


(144) 


v(x,¥,2,t) = o(x,y,2)-€2rivt 


where vA = u, and consequently 


ae 


Dp Av? (x,9,2)-€ art 
= —4ryy. 
oY  —4ey —4e 


2 
“Of r?2 = x? (x,y,2)-¢ 27 ivt 





oy _ a% 


Oat ~ xt Sr" 


and similar relations apply for 07f/dy? and 0*y/dz?, 
it is evident that equation (143) may be written in the 
form 

d%} , 9% 4x? 


0p 
set sot sets ¢=0 


dx? T dy? * Oz? ey 


2 
V+ 6 =0 (145) 


* This is the fifth of a series of articles presenting a more de- 
tailed and extended treatment of the subject matter covered in 
Dr. Dushman’s contribution to the symposium on Modernizing 
the Course in General Chemistry conducted by the Division of 
Chemical Education at the eighty-eighth meeting of the American 
Chemical Society, Cleveland, Ohio, September 12, 1934. The 
author reserves the right to publication in book form. 
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FIGURE 22a.—ILLUSTRATING RELATION BETWEEN 
RECTANGULAR AND SPHERICAL COORDINATES 


In problems involving rotation about an axis of sym- 
metry, or motion of a particle in a central orbit (e. g., 
the motion of an electron about a positively charged 
nucleus), it is much more convenient to express the 
Laplacian operator in polar or spherical coédrdinates. 
These are indicated in Figure 22a, where r = OP desig- 
nates the radius vector, 6 corresponds to the “‘lati- 
tude” and 7, to the “‘longitude.”” The connection be- 
tween these and the rectangular coérdinates is given by 
the following relations: 

x = ON = OM cosy 
= OP sin @ cos 7 = 7 sin 6 cos 7 
y = MN = rsin@ sing 
and z = PM =rcos8, , 
where PM is the perpendicular from the end of the 
radius vector to the plane OX Y (the equatorial plane). 

In terms of spherical coérdinates the Laplacian opera- 
tor is obtained as follows: 

Let gi, 92, and g; denote such coédrdinates (known as 
generalized coérdinates) that it is possible to express an 
element of length, ds, by a relation of the form: 

(ds)? = a,(dqi)? + a2(dge)? + a5(dgs)? 


where 4, d2, and a3 are coefficients involving one or 
more of the variables qi, gz, and g3. Then it may be 
shown that 


i re) MV Gitate | Ob ro) 


v% =——— |—. 
m Vara; LON on 


(146) 
(147) 


Vaia203 O¢ 
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PQ =PQ' =fAe 
PQ =PQ'=Ar 
OM =fSiN® 
FicurRE 22b.—Projgc- 
TION ON MERIDIAN 
ON= r'Sin@ Cosy ieee 
0Q=rsing ony} 
MM'20M. AN=siNAA 1 


FIGURE 22c.—PROJECTION ON EQUATORIAL PLANE 








It will be observed that since a, d2, and a3 may each 
be functions of qi, gz, and g3, the order of operations is 


F a oP. P ‘ 
important. That is, =— Ve ee is not identical 
Om \ a / 0M 
; V aided 06 
with ——— - ——- 
aq oq 
tive, and in deriving the S. equation this is of extreme 
significance. 
Now in the case of spherical coérdinates it is seen 
from an inspection of Figure 226 and Figure 22c that the 


velocity of a particle in its path, is given by the relation* 
(3) _ a) + r? (3) + r? sin? 6 Zz) (149a) 


This relation involves merely the proposition that the 
velocity along the element is the resultant of three ve- 
locities along three mutually perpendicular directions. 
Equation (149a) is obviously equivalent to the relation 


(ds)? = (dr)? + 12(d0)2 + r? sin? 6 (dn)? (1490) 


Hence, 


The operators are non-commuta- 


a = 1; a = r?; as = 7? sin? 0 


and V aja2a3 = 7? sin 0. 


Therefore the Laplacian becomest 


* Figure 22b shows a projection of the meridian plane contain- 
ing the right-angled triangle OMP, while Figure 22c shows a 
similar projection of the equatorial plane containing the right- 
angled triangle ONM. It is evident that rA@- Ar is the area of 
the element of PQP’Q’. From this it follows that r A@- Ar-r sin 0- 
An is the element of volume. In rectangular codrdinates, the 
element of volume is Ax-Ay-Az. Hence, in the limit, 


dxdydz = r? sin 6 dr dé dn, 


and it is seen that +/a,aea3 = r? sin @ is the coefficient by which 
drdédn must be multiplied to convert it into an element of vol- 
ume. 

t This equation may also be derived directly from (145a) by 
making use of equations (146) and (147). This method of de- 


riving the equation, which however is quite lengthy, is given in 
some treatises, e. g., B. WILLIAMSON’s “‘An elementary treatise on 
the differential calculus.” 






It should be observed that 


Oia a ON t) op 
2+ sin 6 of) = sin a 2 (72.28) 


= sin o( 2r- SE 4 72. 58 
while 
5 (sine $8) = cos 0- 38 + sino. $8 
and 
LSA Oe ie 
On \sin@ On sin@ On? 


where ¢ = ¢(r,0,n). 

Thus for periodic motions of a particle in three di- 
mensions, equation (145)) with the value of the La- 
placian operator given in equation (150) takes the place, 
in quantum mechanics, of the energy equation used 
in ordinary mechanics, which is of the form 


= 5 u(r? + 1°92 + 7? sin? 6-n)? + V(r, 6m) (151) 


where the first term expresses the kinetic energy and the 
second term expresses the potential energy as a function 
of the coérdinate variables. 

Under certain conditions equation (150) assumes 
simpler forms. Thus, for constant value of r (rotation of 
a sphere about an axis), 0/Or = 0, and equation (150) 
becomes 

1 Oo /. 1 0% 
ana (sin 3) + teint 6 oa 

For the case of motion in a plane, the codrdinates 
may be so chosen that 0/00 = 0, sin @ = 1, and 





V% = (152) 


~ 1.2 (126) 4 1.2% 
vs r 2(* 9) + r2 On? 

On the basis of de Broglie’s theory, \ in equation 
(145d) represents a “‘wave-length” defined by the rela- 
tion 


(153) 


h 
i" Vine — U) 


Hence the S. equation is of the form 


2 
v%) + STH (E — Uj = 0 


(154) 
where U, the potential energy, is a function of 7, 0, and 
n. As in the case of the S. equation for one codrdinate 
variable, we seek solutions of equation (154) that will 
be physically rational. Thus ¢¢ must not become in- 
finite at any point in space, and it must tend to vanish 
as those regions are approached in which the probability 
of occurrence tends to become zero. The exact form 
of these ‘‘boundary conditions” must depend upon the 
nature of the particular problem. Thus, in the case of 
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a hydrogen-like atom, the probability of occurrence 
of the electron must decrease continuously to zero as 
r tends toward infinitely large values. We shall find 
that actually this probability becomes infinitesimally 
small for values of r exceeding only a few atomic radii. 
In the case of the angle variables, the limits areO0 S 0S 
wand @ S 7S 2z, and the distribution function as we 
shall designate ¢¢, must exhibit some form of periodicity 
with respect to these variables. 

Furthermore, because experimental observations 
show that any atomic or molecular system can exist only 
in a discrete series of states defined by the energy 
values FE, E2, ... and so forth, we must expect, if the 
solutions of the S. equation correspond to the observa- 
tions, that “‘sensible’”’ solutions of equation (154) will 
exist only for a discrete series of values of the energy E£, 
which will constitute the eigenvalues. The correspond- 
ing eigenfunctions, ¢, will represent, in the most general 
case, amplitudes of stationary de Broglie waves in three 
dimensions, and cannot therefore be visualized physi- 
cally. In the case of constant values of 7, @ represents 
the amplitude of vibration of a spherical surface, and 
hence the functions are known as surface spherical 
harmonics. They are represented by expressions which 
are functions of the latitude (@) and longitude (n) and 
which exhibit modes and loops along both meridian 
circles and zonal circles (parallel to the equatorial 
plane). Consequently, the mathematical expressions 
are quite complicated and, in fact, appear formidable 
at first glance. 

To some, indeed, it might appear that the mathe- 
matician has endowed nature with a complexity far 
beyond its needs. Yet the only reply to such an accu- 
sation must be that the ‘‘simple”’ solutions, those which 
are relatively easy to understand (because they involve 
no “higher mathematics’), do not correspond to the 
facts. Nature is complex in its fundamental elements, 
and the only feature that is astounding is this: that 
human intelligence has been able to devise a method of 
reasoning with symbols by which a one-to-one corre- 
spondence is attained between the deductions from this 
reasoning and the experimental facts. This, to the 
mind of the writer, has always appeared the most mar- 
velous aspect of all mathematical technic in dealing 
with the interpretation of nature. And because it is 
stimulating to understand this “picture”; because it 
must add a certain measure of pleasure to perceive, 
even though it be dimly, at first, the results attained by 
combining transcendental imagination with the most 
exacting type of logic—because of these rewards which 
the effort holds forth—let the reader not be dis- 
couraged too readily. Patience and persistence alone 
will accomplish wonders, even in the comprehension of 
a symbolic mathematical technic. 


THE RIGID ROTATOR 


Let us consider the problem of a diatomic molecule 
constituted of two atoms of masses, pm, and pe, located 
at distances, 7; and re, from the axis of rotation. We 
shall assume that the molecule is of the ‘‘dumb-bell’’ 


JouRNAL OF CHEMICAL EDUCATION 


form, so that the distance between the centers of the 
atoms (7; + 72) is fixed, and therefore we neglect the 
possibility that the atoms will vibrate along this axis 
in virtue of their mutual attractive and repulsive 
forces. (Of course, such vibrations, of frequency mv 
actually occur and give rise to vibrational energy states 
—a problem which was considered in the case of the 
harmonic oscillator.) Under these conditions we may 
regard the molecule as possessing, in general, two de- 
grees of freedom or mobility. The molecule will have a 
rotational motion about an axis of symmetry passing 
through its center of gravity. This will be represented 
by an angular velocity 7 = dn/dt in the plane YOX (see 
Figure 22a). Also there will be a precessional motion 
of the fixed axis of the molecule about the axis of sym- 
metry, which is represented by the angular velocity, 9. 
Since there is no potential energy term, the total energy 
is all kinetic and is given by 


E = suri? + mare)(O* + sin?0-9) (1550) 


Since the molecule is rotating about its center of grav- 
ity, 


Mit, = Uale. 
Hence, if we put 


Heo 
Mi + pe’ 


- =_ —hifo 
Mi + oe 


then 


Mike 


° fo? = pro? = I 
M1 + pe 


mf? + wr? = 
and we can write (155a) in the form 


(1558) 


E= ; (62 + sin? 6 - 7?) 


where J = moment of inertia of the molecule about its 
center of gravity, 7) = mean radius of gyration, and 1/z 
= 1/4, + 1/m, where » is known as the “reduced” 
mass. ; 

Thus 792(6? + sin?0-n?) = v*, where v is the velocity of 
rotation, and the corresponding de Broglie wave-length 
is given by 

ae a 
mu WV 2nE /2EI 
Hence, the S. equation 


v% + 2% = 0 


becomes 
8x°EIo 


TS ee 
Since 7 is a constant for the molecule, we may use the 
form of the Laplacian operator given in (152) with 
r? = 1%. Hence, multiplying both terms by 7? the 
eet to be solved is 


ie Pron st) 4 1 Op , 8r°EI¢ 


sin 0 g oy tao i aly radii (156) 


There are two cases which may occur. In the first 
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of these, the molecule is free to revolve only about 
an axis at right angles to the axis of the molecule. 
This is known as the case of the rigid rotator with 
fixed axis. In the second case, the molecule may ex- 
hibit a motion of precession, as well as that of rotation. 
The latter is the case for which equation (156) applies 
and will be discussed in a following section. In the 
first case, however, 0/00 = 0, sin 6 = 1, and the 
equation reduces to the ordinary differential equation 

dp 

dn? + m*> = 0 (157) 
where m? = 8x°EI/h? is used to indicate that the co- 
efficient is always positive. © 

The solution of this equation has been discussed pre- 

viously. It is 


@ = Acimn + Be-imn (1582) 


which may be written in the form of a sine or cosine 
function. Thus we may use the form 


@ = Csin (mn + 4) (1585) 


where 6 is a phase angle. 

Now this equation has physical significance only if 
m = 0, 1, 2, etc. Consequently, the eigenvalues of the 
discrete energy states are given by the relation 


m*h2 
Em = 3331 


(159) 
where m is an arbitrary integer. 

The corresponding eigenfunctions are given by either 
dm = Acmn 


or 
(160) 


om = Ae7imn 


since m may be either positive or negative. The reason 
for not using the solution given in (158a) is the re- 
quirement that 


AA 4 Pe 


Substituting for ¢, from either of the equations (160), 
it is seen that 


|A] = 1/V/2e 


That is, the normalizing factor is V 27, irrespective of 
the value of m. Obviously, the functions ¢, and $m, 
n * m, are orthogonal, since 


7 td Qe 
£ ei(m—n)n dn = f cos (m — n)dn +i ff. sin (m — n)ndn. 


and as shown in Chapter III, each of these integrals is 
identically equal to zero. 

It will be observed that in this case there are two 
eigenfunctions, given by equations (160), corresponding 
to any given eigenvalue, as defined by (159). We 
have here an illustration of a condition that is met with 
frequently in the solution of problems in quantum 
mechanics. Such energy states, for which‘ there are 
available more than one eigenfunction for any given 
eigenvalue, are known as degenerate (German, “ent- 
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artet’”). Physically this is interpreted, in the present 
case, as indicating that actually there are two energy 
states which have become merged (degenerated) into 
what appears to be one state, because the energy is the 
same irrespective of the direction of rotation of any 
molecule with respect to other molecules. However, if 
the molecules are placed in a magnetic field, the energy 
will vary (because the molecules possess magnetic 
moments) with the direction of rotation of the mole- 
cule. For one direction of rotation the energy will be 
slightly greater, and for the opposite direction slightly 
less than the value Z,, which exists in absence of a mag- 
netic field. 

We shall now consider the case of the rigid rotator 
with free axis, for which the S. equation is that given 
in (156). The solution must represent ¢ as $(6,n), 
that is, as a function of the two angle variables. As 
in all cases of partial differential equations we attempt 
to separate the equation into two ordinary differential 
equations. That is, we postulate a solution for ¢ of the 
form 


$(6.n) = X(0)-Z(n) (161) 


where X is a function of @ only, and Z of 7 only. We 
have an indication that this is possible from the fact 
that in the case of the rotator with fixed axis we have 
already found a limiting case of this problem. Evi- 
dently 

o% 


502 = Z(n)- 


d?X (6) 
oe 


0p 

on? 

Substituting for @ and its derivatives in equation 
(156) and using the symbol 

a? = 8r°EI/h?, 


d?Z(n) 


= X(6)- aa 


(162) 


we obtain the relation 


2 éf. ae a 
ap (sine F) + Fy Get exz -0 


where Z = Z(n) and X = X(@). 
Since sin?@/X-Z never becomes infinite, we can multi- 
ply through by this factor and thus obtain the equation 


1 @Z 


sin@ df. aX pe! rk ae 
sin 0) +0 sin? 9 = Za 


= 

It will be observed that the left-hand side does not 

involve n, and the right-hand side does not involve @. 

Since this equality must be valid for all possible values 

of 6 and », it follows that each side of the equation must 

be equal to a constant, which we shall designate by m?. 
We thus obtain the two ordinary differential equations 


aZ 
and 


sino. sin 0- a) + (a? sin?@ — m)X = 0 (164) 
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The first of these has been solved already. The 
solutions are given by 
t-te 165 
<= (165) 
where m = 0, 1, 2, etc. 

Now let us consider equation (164), and as a first 
step in the process of solving it we change to a variable 
x, such that 

x = cos 0 (166) 


Therefore 
1 — x? = sin? 6 


and 
d : d 
FT = —sin@- i 
Before carrying through the transformation to the 
new variable, we may divide through by sin?@. This 
dX 


gives 
ee m? 
ana’ (89S) + (« as srg) = _ 


Introducing the variable x, this becomes 


i food + (#- ita) x= 


This equation is one of the most important in mathe- 
matical physics and is known as Legendre’s equation of 
order m, in x, where —1 S x $1. That is, the equa- 
tion has physical significance between the limits x = 
cos? = +1. These limits constitute so-called singular 
points, since 1 — x? = 0 at these points. 

Since m can have any integral value, including 0, we 
shall consider first the solution of equation (167) for 
the case m = 0, that is, the Legendre equation of order 
zero, 


(167) 


d dX 
F ja - Ft + aX =0 (168a) 
that is, 


ax 
dx? 


ee ee 
dx 


(1 — x?) (168d) 

Let us assume, as in the case of equation (114) for the 
linear oscillator, that X may be represented as a poly- 
nomial of degree k, so that 


X = Zapx* 
where k = 0, 1, 2,....(k — 1), &. 
dX 


—— -hexk—1 
= Lapek-x! 


—2x +  —— Z2ax-k-x* 
dx 


Also, in terms of coefficients of x*. 
2 
OX = Bars2(b +2)(t + 1)-2 


4 OX 


> = — Zak(k — 1)x* 


Therefore, the coefficient of x* in (1680) is given by 
an42(k + 2)(k + 1) — ax{k(k — 1) + 2k — a3} 
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and in consequence of (168)) each power of x must 

vanish. Hence, P 

ax{k(k + 1) — a} 
(k + 2)(k + 1) 





+2 = (169) 


Thus the ratio 


Gk+2 _ k = a? 
“ae OR +2 OR +1) +2) 

If k can increase beyond limit, az, 2/a% = 1 for very 
large values of k, and consequently, if the'series for X is 
to converge for x = +1, the highest power of x must be 
given by k; therefore a; +. = 0, whence 


k(k +°1) = a? 





(170) 


Since 
8r2EI 
h2 


a = 
it follows that E can assume only the discrete series of 
values given by the relation 


2 
El k(k tp (171) 
where k = 0, 1, 2, etc. 

This relation is different from that deduced for the 
case of the rotator with rigid axis which was stated in 
equation (159), and is actually in much better agree- 
ment with the spectroscopic observations on the rota- 
tional energy levels of molecules, than the relation given 
in equation (159), which is identical with that derived 
by means of classical mechanics. 


LEGENDRE’S COEFFICIENTS* 


We must now consider the form of the eigenfunction 
X, corresponding to each of the eigenvalues, EF, as 
defined by (171). 

From (169) it follows that 

a, =< = 2) — 1) — ke +17) , 
; k(k — 1) 
_ 2(2k — 1) | 
ia-i 





ap—2 


k(k — 1) 


‘o—-a 


c&-3 = 


Similarly, it is readily shown that 
(k — 2)(k — 3) 
4(2k — 3) 


_ k(k — 1)(k — 2)(k — 3) 
— -24-(2k — 1)(2k — 8) 


Qa-i. = - * ak—2 





ay 


_ k(k — 1)(k — 2)(k — 3)(k — 4)(k — 5) 
7h—6 = ~9-4-6-(2k — 1)(2k — 3)(2k — 5) 





* Qk (172) 


* W. E. ByYErRLy, ‘‘Fourier’s series and spherical harmonics,” 
Ginn and Co., Boston. 

T. M. MAcRosBert, “Spherical harmonics,’ E. P. Dutton and 
Co., New York. 

D. Humpsrey, ‘Advanced mathematics” (see references in 
Chapter IT). 

These three treatises will be found extremely useful for further 
consultation on the differential equations dealt with in this and 
the following chapter, 
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If k is even, the power series beginning with x* will 
end with do, if & is odd, with ax. We thus obtain the 
series, 

X =a [# grat? 4 a1 nel 


aE ak 





where the coefficients of the various powers of x are 
given by the relations (172), and dg is arbitrary. 
If we assign the value* 


— (2k — 1)(2k — 3). 
RI 





the resulting function X is known as a Legendre coeffi- 
cient of order zero and degree k or a surface zonal har- 
monic and designated by the symbol P(x) = Px(cos 4). 
Thus the complete expression for the Legendre coef- 
ficients has the form 


(2k — per 3). [at k(k —1) 


~ 2(2k — 1) 


xk — 2 





P,(x) = 


k(k — ae — 2\(k-3) 


+ 340k —1)@k—3) - pial is 





The first few members of this series are as follows: 


1 or Po (cos 6) = 
x or P;(cos 6) = cos 0 
1 


P,(x) = 5 (8x2 — 1) or P2(cos 6) = 5 (8 cos? @ — 1) 
P;(x) = 4 (5x3 — 3x) or P3(cos 0) = ; (5 cos*@ — 3 cos6) 
P(x) = 5 (B5x* — 30x? + 3) 

(174) 


P;(x) = : (63x5 — 70x? + 15x) 


FS = 
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FIGURE 23.—PLOTS OF THE First Four LEGENDRE POLy- 
NOMIALS AS FUNCTIONS OF 9 








At @ = 0, cos 6 = x = 1, while at 0 = z, cos 6 = —1, 
and at 0 = 1/2,cos@ =x =0. The functions may be 
plotted as functions of either 6 or x. In the former 
case, the limits are 0 and 7, in the latter case the corre- 


* This value, as will ve from (174), makes the first 
Legendre function, Py (x) = 

Tt Tables of values of P, to P, (inclusive), as functions of 6, are 
given in L. SILBERSTEIN’S “‘Mathematical tables” and in an appen- 
dix in BYERLY’s ‘‘Fourier’s series.’ 
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sponding limits are l and —1. Figure 23 and Figure 24 
(taken from the curves plotted in Byerly’s book) show 
graphs of the functions P; (cos @) to P; (cos ), inclusive, 
as functions of 6. It will be observed that at the limits 
all the functions have the identical absolute value 1. 
Furthermore, since 


Px(—x) = (—1)* Px(x) 


it follows that for k even, P;(—x) = P(x), that is, the 
function is symmetrical about x = 0 or @ = 7/2, re- 
sembling in this respect sin 6, while for k odd, P.(—x) = 
—P,(x), and the functions change sign in passing 
through x = 0 or 8 = 7/2, which also is characteristic 
of cos 0. 





1.0 








t 
FicurE 24.—PLots oF LEGENDRE POLYNOMIALS, P,-P;, 
INCLUSIVE 








As pointed out in connection with the Hermitian 
polynomials, the number of roots, corresponding to 
nodes, along the axis of x or 0, is equal to that of the 
highest power of x. Thus P:(x) = cos @ passes through 
0 at @ = 1/2, while P.(x) exhibits two nodes which may 
be determined from the quadratic relation, 


Pr(x) = 5 (W8e + 1)(V3e — 1) = 


Hence P2(x) = Oforcos@ = = 1/+-/3 = +0.5775, that is, 
for #, = 54°45’ and @ = 125°15”. In a similar manner 
it is possible to calculate the k values of @ at which any of 
the functions P;(cos 6) becomes eqital to zero. 

As in the case of the other polynomials, it is readily 
shown that the Legendre polynomials are related by a 
recurrency formula of the form 


(k + 1)Peti(x) = (2k + 1)xPi(x) — kPi-1(x) 


which makes it possible to calculate higher members of 
the series from the lower members. 
From equation (173) it follows that 


* (2k — 1)(2k — 8)... 1 
fo P,(x)dx = + DI [= — 


(k + 1)k(k — 1)(k — 2) s 
+ Hara - a” e] 


(175) 


(k + 1)k-xt-1 
2(2k — 1) 








and if this operation be repeated k — 1 times more, the 
result is 
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(2k — 1)(2k — 3)... 1 [ “ 
(2k)! 


_ 2k(2k — 1) 
2.(2k — 1) 





rk? 





2k(2k — 1)(2k — 2)(2k — 3) yy _ ] | 


2-4:(2k — 1)(2k — 3) 


1 


- GhOk—2) 2 (176) 





1 
—i}= a — 1) 


as may be demonstrated by expanding the expression 
(x? — 1)*. The kth derivative of the function in (176) 
is therefore P;(x), so that 

d(x? — 1) 


- (177) 


This is known as Rodrigues’ Formula. 
It may be shown by use of this formula* that the 
following relation is valid: 


f 7 Pula) Pm (dd =0, ws) (178) 
That is, the Legendre polynomials form an orthogonal 
system. This conclusion also follows, of course, from 
the deduction (see Appendix I, Chapter IV) that the 
different solutions of any S. equation form an orthogo- 
nal system. Furthermore, since, as may be deduced 
from (177), 


1 2 
: ne \Pa(x) °dx = k+l (179) 
the normalizing factor is 


(180) 


ai a 
NM: ta ‘ 
It follows from these relations that if m + k is even 
and m ¥ k, 


f " ulibPulibie E Pale)Pa(e)de = 0 


and also that 


1 {Py(x)}*dx = oi 


The orthogonality relation (178) may also be derived 
by the following proof which is independent of Rod- 
rigues’ formula, and is of very general application in 
spherical harmonics. 

Since P(x) and P(x) satisfy Legendre’s equation, 


d 
% \a ~~ 2 
dP. 


d “ ee 
rate ry dx 


Multiplying (7) by P,, and (i) by P; and subtracting 
and then integrating, we obtain the relation, 


dP, 


2) at + kk + IP = 0 (3) 


+ mm + 1)P, = 0 (it) 


fale kk = MA + 1) fi PaPude ‘ 
fir ale — x?) =] dx - {iP rae — x?) SE Jee. 


* Byer.y, Chapter V; MacRoBeErt, Chapter V. 
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Integrating the right-hand side by parts, it becomes 
dP; dP» 1* = 1 
[ Pact — 9S - pa - nef 
1 dP, dP, 1 aP,, dP; 

> ei? ae act fla aid hk ill 
which is equal to zero, since 1 — x? = Oatx = +1, 
while the two integrals cancel. Consequently, if m # 
k, 


fi Pal yPuaydx = 0. 


ASSOCIATED LEGENDRE FUNCTIONS 


We shall now consider equation (167). In the pre- 
ceding discussion this equation was solved for the case 
m = 0, and it was found that the equation gives solu- 
tions which are physically significant if we put 

a? = k(k + 1) 


If we substitute for a? in equation (167) we obtain 
the relation 


(170) 


d dX m? 
zy - et + iG +1) -~™{x=0 (181) 
Let us introduce a new function, Y, defined by the 
relation 
X =(1 — x)™/y. 
Then 


aX oi —mx(1 — x?)m/2V 


dx (1 — x?) 


(1 — x*)(m/2) +1 dV, 
(1 — x) dx’ 





(1 = a —mx(1 — x2)m/2Y + (1—x2)(m/2) +1 < 

and 
2 g m/ 
ela - oe = | (1 — x2)m/2 +e 


— | m1 — xt)m/2 4 2x(# + 1)(a ™ xtym/a{ 


a?y 


—ee 


+ (1 — xtyimiay + 


Substituting these relations into (181) and dividing by 
(1 — x?)™/2, which is not zero, except at the limits, we 
obtain the relation 


(1 = 29 EE — 2m + 1)e- +(e — milk +m + ges 


With this differential equation we shall compare the 
differential equation derived from (168a) or (168)) by 
putting a? = k(k + 1) and X = P,(x), since this func- 
tion satisfies the equation. The result is 


a°P, dP; ue 
dx? +i + k(k + 1)P, =0 


If we now differentiate this m times, it can be shown 
that the resulting equation is identical with (182) and 
leads to the result 


(1 — x*) (183) 


x d™P, 


Ga xm ~ Ge (194) 


os 
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The function X thus obtained is known as the asso- 
ciated Legendre Function of degree k and order m, of 
the first kind, and is designated thus 


Px) = (1 — zt)m/2e 


(185) 

Since the differential coefficient becomes zero for 
m > k, it follows that m can have only the series of 
integral values m = 0, 1,2, ... & Thus corresponding 
to any value of k, there are (Rk + 1) Legendre functions 
which satisfy equation (167) and also (2k + 1) func- 
tions, Z, which satisfy equation (163), corresponding to 
m= 0, +1, =2,... =k. 


Since 
(1 — x?)m/2 = sin6 


the associated Legendre function may also be written in 


the form* 
d™P;(x) 


en Gm) 


Pi'(x) = sin™6- 
The functions 


cos mn sin™é - 
7 dx™ 


d™P;(x) l 
and 
d™P;(x) j 


(1872) 


sin mn sin™é- 
’ dx™ 


are known as Tesseral Harmonics of the m-th order and 
k-th degree. In terms of exponentials, the functions are 


d™P;(x) d™P;(x) 


dx™ dx™ (187¢) 


e'mnsin™9 - and e~*™"sin™9 - 
and as stated already, for any given value of k, there are 
(2k + 1) functions which satisfy the differential equations 
(163) and (164). It will be observed that the only 
condition attached to m in the solution of (163) was 
that it must have an integral value (including 0). The 
condition that m cannot exceed k was derived from the 
subsequent deduction based on the fact that the eigen- 
functions which satisfy equation (164) are of the type 
Pr (x). 

It was also deduced that the eigenvalues correspond- 
ing to the different energy states are given by 


2 

g, = AG + (171) 
Thus it follows that for any given energy state, corre- 
sponding to a given value of k, there are (2k + 1) eigen- 
functions. In the case of the rigid rotator with fixed 
axis, it was found that for each energy state there are 
two possible eigenfunctions. The order of degeneracy 
is therefore two in that case. But in the case of the 
rigid rotator with free axis we find that the order of de- 
generacy1s 2k -+ 1. The physical interpretation is simi- 


*The notation given is that used by Byerly, MacRobert, and 
most of the authorities. On the other hand, Courant and Hil- 
bert, as well as Condon and Morse, use the notation, 
d™P,(x) 

dx™ 


‘ 


P(x) = 


Pim(x) = sin™d-P™(x). 


lar to that given in the previous case. As Condon and 
Morse describe it: “this is the degeneracy of random 
space orientation in a centrally symmetric field, and 
gives the multiplicity into which the terms are split 
when a non-symmetric perturbing field removes the 
degeneracy.” Thus in the presence of magnetic or 
electrostatic fields this degeneracy may be completely 
removed, because such fields introduce perturbing ef- 
fects. In a subsequent chapter these phenomena will 
be discussed more fully. 

The functions P¥(x) satisfy the condition for or- 
thogonality of the form 

fi PE@PHadde = 0 td) (188) 

where obviously m must not exceed either j or k. This 
may be deduced by an argument quite similar to that 
used for demonstrating the orthogonal nature of the 
Legendre polynomials of zero order. 

It may also be shown that 


2 (k + m)! 


2k +1 (k — m)! (om 





fi, (PEG rex = 


Hence the normalizing factor for the tesseral har- 
monic given in equations (187a) or (1870) is given by* 


2m 2 ote 


1 GEFD) "(=m sy 





ve} 


Finally, it is of interest to give the expressions for 
some of the associated Legendre functions correspond- 
ing to the expressions for the functions of zero order 
which were given in equations (174). The first ten of 
these polynomials (including the functions of zero or- 
der) are as follows: 


Pex) = 1 


P(x) =x; P(x) = (1 — x*)'/%-1 


P(x) = 5 (3x* — 1); P3(x) = (1 — x*)¥/?-3x; 
Pi(x) = (1 — x*)-3 


Pax) = 5 (Bx* — 8x); PY(x) = (1 — 2972-3 (52% — 1); 
P3(x) = (1 — x*)-15x; P3(x) = (1 — x)3/2.15 


where x = cos 0. 

Since d*Px(x)/dx* = C, a constant, it follows that the 
functions P&(x), for which the order and degree are 
identical, possess no nodes, but pass through a maxi- 
mum at x = 0 (i. e., 0 = 2/2) as is evident from the re- 


lation 


Pt (cos @) = C-sin* 6 ; (191) 


Figure 25t shows plots of the four normalized func- 


* It is becoming customary in treatises on quantum mechanics 
to designate the square of the expressions on the right-hand side 
of (180) and (190) or the integrals in (179) and (189) by N. For 
instance, H. BETHE, in “Handbuch der Physik,’”’ Vol. 24, Part 1, 
uses this notation, which may give rise-to some confusion for the 
reader who consults that discussion. 

t CoNDON AND Morssg, p. 55. 
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tions P3(cos @), P3(cos 6), P3(cos @), and P3(cos 6) as 
functions of 6. The normalization factors, as deduced 
from the equation (190) are N = Vv. 2/7, Vv 24/7, 
Vv 240/7, and J 1440/7, respectively. The actual rela- 
tions for the four normalized functions, and the desig- 
nations for the corresponding curves, are 

Fo; = P% (cos 0) = 0.936 (5 cos? 6 — 3 cos 6) 

Fi; = P} (cos 0) = 0.810 sin 6 (5 cos? 6 — 1) 

Fx = P32 (cos 6) = 2.563 sin? 6 - cos 0 

Fs; = P3 (cos 0) = 1.046 sin* 6 


In each case the nodal points were obtained by solving 
the equations P3'(cos @) = 0, while the points of maxi- 
mum values were obtained by solving the equations 
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dP%'(cos 6)/d@? = 0, where m = 0, 1, 2, or 3. 





SURFACE ENERGY EXPERIMENT’ 


JOHN R. CALDWELL 
Ohio State University, Columbus, Ohio 


URFACE tension may be characterized as a force 
exerted at the surface of a liquid tending to 
make the surface area as small as possible. In 

water, for example, this force is of such magnitude that 
it may be made to do an appreciable amount of work. 
Two familiar examples of such work are represented by 
capillary rise, and by the darting about of bits of cam- 
phor on water. 

This capacity of a surface film to perform work is ad- 
mirably demonstrated during the process of spontane- 
ous emulsification, and at the same time, the important 
function of stabilizing agents or protective colloids is 
well illustrated. The method of preparing dilute, fine- 
grained emulsions and suspensions is discussed by 
Holmes,! and its application to various technical prob- 
lems is outlined by Fleming? and by Wilson.* 

The oil to be emulsified, together with an emulsify- 
ing agent such as soap, is dissolved in a solvent that is 
miscible with water. When the solution is poured into 
water, the oil is thrown out of solution in minute drop- 
lets and forms a fine suspension. During the process of 
droplet formation, a thin film of soap or other emulsi- 
fying agent is thrown around each drop and the emul- 
sion is stabilized. Various substances may be added to 
the mixture to change the degree of dispersion, the 
stability and other properties of the suspension. 

To illustrate the process, a solution is prepared hav- 
ing the approximate composition: castor oil, 3 cc.; 
95% alcohol, 25 cc.; soap, 0.10 g.; camphor, 0.10 g. 

The solution is drawn up in a glass tube having a 


* At the author’s request the date of acceptance of this manu- 
script—namely, Nov. 27, 1934—is here made known. 

1 Hoimgs, H. N., ‘Laboratory manual of colloid chemistry,” 
2nd ed., John Wiley & Sons, Inc., New York City, 1928, p. 81. 

2 FLEMING, W. E., “‘A nonstratifying carbon disulfide emul- 
sion,” Ind. Eng. Chem., 17, 1087 (Oct., 1925). 

’ Wison, A. L., “Triethanolamine emulsions,” ibid., 22, 
144 (Feb., 1930). 


capillary tip about 0.5 mm. in diameter and the tip is 
placed about 1 mm. below the surface of the water in 
a small beaker. As the alcohol solution is allowed to 
flow from the tip, the surface tension of the water is so 
reduced by the camphor and alcohol that oil droplets 
are thrown through the water with explosive force and 
soon cloud the surface with a milky layer. So much 
force is exerted that in a few moments the water in the 
beaker is brought into appreciable circulation and the 
emulsion is completely dispersed without the aid of 
mechanical stirring. These emulsions are quite stable 
and will last for several days. 

To show that the action is essentially a surface phe- 
nomenon the capillary tip is lowered to a position 2 or 3 
cm. below the surface. In this case, the alcoholic solu- 
tion rises in a slender stream, practically unchanged, 
until it reaches the surface. Here it mushrooms sud- 
denly, throwing the oil droplets forcibly out in the 
plane of the surface where they are soon carried down- 
ward by the circulation. 

If a fat-soluble dye such as Sudan III or Scarlet R is 
added to the alcoholic solution, the emulsion droplets 
will be colored and their rapid motion may be more 
readily followed. This point is illustrated in the ac- 
companying photographs. In Figure 1 the colored oil 
solution is seen issuing from the capillary tip at A and 
rising in an unbroken stream to the surface. At this 
point, it disintegrates to form a cloud of colored drop- 
lets. Figure 2 shows the condition existing a few mo- 
ments later. A fine emulsion has formed and is being 
driven downward by the circulation so that it obscures 
the rising alcoholic solution at B. The experiment may 
be performed on a larger scale, using a liter beaker and a 
capillary of greater diameter, with equally satisfactory 
results. 

If soap is omitted from the solution, the emulsion is 
formed in the same manner but the droplets coalesce 
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FIGURE 1 FIGURE 2 


in a few minutes and form large globules, thus illus- 

trating the important function of stabilizing agents. 
Solids may be dispersed in the same way, and an 

extremely fine, stable suspension of rosin may be pre- 
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pared from a solution of the composition: rosin, 0.20 
g.; alcohol, 50 cc.; camphor, 0.30 g.; soap, 0.05 g. 
When this mixture is allowed to flow into water, it 
behaves much as does the castor oil emulsion, and is 
soon distributed by a rapid circulation. When a drop 
of the solution is brought into contact with a drop of 
water on a glass slide, the action may be viewed with 
a low-power microscope. As alcohol diffuses into the 
water, minute particles of rosin ate precipitated from 
solution at the point where the two drops touch. At 
this boundary, the difference in interfacial tension is 
so great that as soon as the particles are formed they 
are shot like tiny bullets toward the interior of the 
water drop. A vigorous current is set up, and in a 
few seconds the two drops are completely mixed to 
form a cloudy suspension. 

Various other substances may be dispersed by the 
same method, and following the general formula out- 
lined above, stable suspensions or emulsions of shellac, 
nitrobenzene, mineral oil, linseed oil, etc., may be 
prepared. In some cases, a mixed solvent such as 
alcohol-ether must be used. 





USE and REGENERATION of DRIERITE 


W. A. HAMMOND 
Antioch College, Yellow Springs, Ohio 


Although Drierite (anhydrous calcium sulfate) is al- 
ready in use in hundreds of institutions and industries 
throughout the United States and Canada and in a few 
foreign countries, it is still essentially a new product, and 
some directions and suggestions for its use and regenera- 
tion seem justified. These are presented very briefly 
herein. 


++ oreo tr 
STORING AND HANDLING 


RIERITE absorbs atmospheric moisture rapidly. 

The new or freshly regenerated material should 

therefore be protected from exposure to the air 

during handling, charging of absorption units, etc. 

Moisture absorbed in handling obviously reduces the 
capacity in service. 


TEST FOR ACTIVITY 


The instantaneous action of Drierite with water is 
accompanied by a sharp rise in temperature. To test 
the activity of a given lot, place about 10 grams in a 
small container such as a crucible, insert the bulb of a 
thermometer, and moisten the granules with water from 
a wash bottle. If a sudden rise in temperature (10° 
to 20°C.) is not noted, the material needs regeneration. 


ESTIMATION OF CAPACITY 


Drierite absorbs water both by hydration and capil- 
lary action. The conversion of the anhydrous salt, 
CaSO,, to the hemihydrate, CaSO,-1/2H2O, involves the 


absorption of 6.6 per cent. by weight of water. In the 
drying of organic liquids, either in the liquid or vapor 
phase, this is the limit of capacity. In drying gases 
the capillary absorption varies both with the moisture 
content of the gas and with the temperature. From a 
gas of medium to high moisture content Drierite ab- 
sorbs from 9 to 12 per cent. by weight at 25°C. to 
20 per cent. or above at temperatures close to 0°C. 
As a margin of safety in important operations the use 
of an excess of 25 to 50 per cent. may be advisable. 


USE IN DESICCATORS AND DRYING ROOMS 

The moisture which remains in air in equilibrium with 
Drierite at ordinary temperatures (25°C.) amounts to 
0.005 mg. per liter, (1), (3), and one pound of Drierite 
will dry approximately 140 cubic feet of air of 50 per 
cent. relative humidity. It is easy therefore to main- 
tain a dry atmosphere in any closed compartment, 
large or small. Since Drierite does not become wet, 
disintegrate, nor change in volume, and is not corrosive 
nor harmful, even by contact, to other materials, it 
is well adapted to use in balances, display cases, drying 
cabinets, and in large drying rooms. In large units 
the Drierite should be spread 1 to 2 inches deep in 
large pans or trays and air circulation should be main- 
tained by fans. Or the Drierite may be held in towers 
or columns and forced circulation may be effected by 
blowers. 

THE DRYING OF GASES 


Any of the ordinary and well-known absorption units 





446 


may be used for the drying of gases with Drierite. The 
granule size and the size of the unit should be deter- 
mined by the volume of gas and the velocity of flow 
required by the particular operation. All units should 
be protected from flooding with liquid water, since 
flooding causes hydration to the dihydrate with result- 
ant hardening of the mass in the absorption unit. 


INDICATING DRIERITE 


For the drying of gases in transparent units, such 
as the common laboratory drying columns, U-tubes, 
etc., Indicating Drierite gives a clear visual indication 
of the progress of absorption and exhaustion by the 
change in color from blue to rose-red. A suitable unit 
containing Indicating Drierite may be used at the end 
of a large unit of Regular Drierite to indicate the ex- 
haustion of the charge. A gas which has passed 
through active Regular Drierite will not change the 
color of the Indicating variety. The latter thus be- 
comes a test reagent for moisture in a gas. 


THE DRYING OF NON-AQUEOUS LIQUIDS 


The last detectable traces of water are removed by 
Drierite from any liquid which is sufficiently fluid to 
make intimate contact with the porous solid. Several 
procedures are available for different conditions. 

To Remove Traces of Water—When water is present 
in traces to less than 1 per cent., the liquid is readily 
dried at normal temperatures by use of powdered 
Drierite followed by filtration or decantation. Add an 
excess of the coarse powder and agitate for a minute 
or so. Filter or decant into a dry container. Since 
calcium sulfate is insoluble in organic liquids and in- 
ert except toward water, many solutions as well as 
pure liquids may be dried in this way. 

To Remove Larger Amounts of Water.—Liquids, such 
as 95 per cent. alcohol, containing, say, 3 to 10 per cent. 
of water, are best dried by Granular Drierite. For 
drying in the liquid phase, fill a distilling flask four- 
fifths full of the granules and pour in the liquid until 
the granules are nearly covered. Roll the flask gently 
to secure contact, and note the immediate rise in tem- 
perature. No refluxing is necessary. Submerge the 
whole bulb of the flask in a water bath and distil by 
heating the bath to 95° to 100°C. If the liquid boils 
above 100° to 105°C., it is best to distil under reduced 
pressure to avoid any possibility of partial dehydration 
of the Drierite. 

Drying Liquids in the Vapor Phase.—An efficient and 
rapid method of obtaining anhydrous liquids is afforded 
by drying in the vapor phase. The operation involves 
merely passing the vapor of the boiling liquid through 
any suitable coil or column containing granular Drierite 
maintained at or above the temperature of the boiling 
liquid. This method is applicable to either small- or 
large-scale operation. For illustration and details see 


original papers (1), (2). 


REGENERATION 


After any normal use any of the forms of Drierite 
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may be regenerated for re-use. The operation is 
simple and involves only standard equipment. The 
used and exhausted material should be ventilated to re- 
move vapors, if any, and stored in a convenient con- 
tainer until a sufficient amount is accumulated to justify 
the work of regeneration. A very convenient heating 
device for regeneration on the laboratory scale is the 
ordinary, inexpensive metal oven which is available 
in any hardware store. These are usually provided 
with two or three shelves and are heated over a two- 
burner gas grid or electric hot-plate. Insert a long- 
stemmed thermometer from one side through a hole 
made for the purpose so the bulb extends between the 
shelves to about the center of the oven. The exhausted 
Drierite should be spread about 1 inch deep in shallow 
metal pans or trays and heated in the oven to effect 
complete dehydration. Heating in this way at 225° 
to 250°C. for 1 to 2 hours is sufficient even for the 
large granules. The regenerated material should be 
placed in the original container and sealed while hot. 
The date of the regeneration should be recorded on a 
label attached to the container. 

For the regeneration of Indicating Drierite, as well 
as for small lots of Regular Drierite, the granules may 
be spread in layers '/-inch or less in thickness and 
heated for the shorter time and lower temperature in the 
ranges suggested above. The colors of the Indicating 
variety may become less distinct on successive regenera- 
tions due to the movement of the pigment into the 
body of the granule. 

In large-scale operations where the granular ma- 
terial is used in columns or beds regeneration in situ may 
be effected by passing heated air through the unit, con- 
tinuous operation being obtained by use of a multiple- 
unit system. 

SELECTION OF GRANULE SIZE 


The smallest granule size of Drierite available in 
quantity, the 8-mesh, offers adequate contact and at 
the same time a negligible resistance to flow for con- 
venient use in small laboratory units for the drying of 
air and other gases. The most widely applicable for 
general drying operations is the 6-mesh size. This 
size is recommended for the drying of liquids either in 
the liquid or vapor phase, for large gas-drying units, 
and for many industrial operations. The 6-mesh size 
suffers no loss of capacity due to the “‘filtering effect”’ 
and offers very slight resistance to the flow of gases. 
The 4-mesh size is also suitable for the drying of liquids 
and is recommended for use in desiccators and drying 
cabinets. The 2-mesh size is suitable for desiccators 
and is available for other large drying operations. 
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KEEPING UP WITH CHEMISTRY 


The decay of wood and the formation of coal. E. A. RupGcE. 
Chemistry & Industry, 54, 499-501 (May 24, 1935).—The first 
step in the production of coal is humification, starting with the 
decay of vegetable matter, ending with the formation of peat. 
The second step, coalification, consists in the change from the 
loose porous peat to hard, compact, and relatively inert coal. 
Microbiological decay of cellulose does not give rise to humifica- 
tion. The bicarbonate ion seems to be specific in causing in- 
cipient degradation of the woody tissue in humification. Cellu- 
lose and its products are found even in advanced stages of decay 
but lignin shows definite indication of depletion. The equilib- 
rium between cellulose and lignin is shifted during the decay 
process in the opposite direction to that which accompanies the 
growth process. Calcium bicarbonate is important in both 
growth and decay. E. R. W. 

A new method of fruit and vegetable preservation. The 
metabolism of apples. M.Copisarow. Chemistry & Industry, 
54, 283 (Mar. 29, 1935).—Solutions and suspension of maleic 
acid in ethereal oils, ethyl and amyl acetates, or isoamyl] valerate 
when sprayed on potatoes inhibit their sprouting. The same 
treatment suppresses the maturing of apples and pears, and 
increases the keeping qualities of apples, pears, citrus fruits, 
pineapples, and bananas. Maleic acid is probably produced in 
the metabolism of apples and is intimately connected if not 
identical with the germination inhibiting substance. The theory 
of the action of maleic acid fits in well with the known action of 
ethylene in ripening fruits. . ee W. 

Traces from tons. F. J. METZGER. Chemisiry & Industry, 
54, 209-13 (Mar. 8, 1935).—The address given by Dr. Metzger 
on the occasion of the presentation to him of the Chemical 
Industry Medal for 1934. A ‘“‘trace’”’ according to the late 
W. F. Hillebrand “... is that quantity which passes into the 
deep recesses of remote decimals.” Important ‘‘traces’” have 
been the extraction of a fraction of a gram of radium from a ton of 
ore, and the recovery of bromine in tons per day from sea water 
which contains 67 parts per million. Other important instances 
in which traces are recovered are concerned with the rare gases of 
the atmosphere. 

The Atmosphere 
Boling point 


Nitrogen —195. S14 
Oxygen —182. _ 
Argon — 185.84 

— 252.54 


omposition 
(By volume) 


Hydrogen 
Neon 


Helium 
Krypton 
Xenon 


The use of argon instead of nitrogen in light bulbs has lowered 
the cost of electric lights in the United States by $125,000,000 a 
year. The substitution of a mixture of krypton and xenon for 
argon would decrease the cost by $200,000,000 a year. The 
obtaining of a sufficiently large amount of these rare gases would 
require the handling of thousands of tons of air a day in a single 
unit. E. R. W. 

Blue asbestos for protection. ANon. Chem. & Met. Eng., 
42, 303 (June, 1935).—Blue asbestos is 40% magnesia and 


4% water of crystallization. The blue color is due to a sodium- 
iron silicate. 

It is used for heat insulation around acid plants, as a packing 
for hydrochloric acid towers, as a packing for acid and alkali 
pumps, as a cloth for acid filtration, and in nitric acid plants as a 
cement, gees and packing. J..W. #. 

. V. A. makes H;PO, electrically at Wilson Dam. H. A. 
CurTIS. Chem. & Met. Eng., 42, 320-4 (June, 1935).—The 
scheme used may be outlined as follows: (1) smelting of the 
phosphate rock with coke and silica in an electric furnace; (2) 
combustion of the evolved gases; (3) hydration of the phosphorus 
pentoxide; (4) collection of the phosphoric acid in the hydrator 
and in a Cottrel precipitator. This yields concentrated acid 
directly. Two types of electric furnaces have been used and 
many operating difficulties have had to be overcome. 


hw 

Processing coal in Knowles coke oven. R. S. McBripe. 
Chem. & Met. Eng., 42, 300-3 (June, 1935).—Conversion of low- 
value bituminous screenings to high-grade smokeless domestic 
fuel is the prime function of a Knowles coke oven. The products 
are domestic coke, coke fines, tar, and surplus gas. Ammonia 
and light oil recovery are also possible. A layer of coal 10 to 12 
in. thick is spread on the silica floor of the oven. The products of 
destructive distillation pass up through the unsoftened coal and 
hence are not exposed to after-cracking as in a high-temperature 
vertical coke oven. Heating is effected by burning some of the 
oven gas under the oven floor. The temperature is approxi- 
mately 2500°F. This produces a coke of strength and rugged- 
ness comparable with high-temperature coke. 

The capital investment is less than half of that of a high-tem- 
perature oven of the same capacity. The operating expense is a 
trifle higher. W. H. 

Industry and applied science. Anon. Ind. Bull. Arthur D. 
Little, Inc., 102, 1-2 (June, 1935).— This article is a review of the 
19th annual meeting of the National Industrial Conference 
Board which was established during the World War as an eco- 
nomic and fact-finding research organization supported by the 
country’s leading corporations and trade associations. One of 
the principal needs pointed out to the conference was the need of 
a pre-fabricated house at a cost of $3000 for house and lot, since 
at the present time 76% of our people are paying less than $30 
monthly rent. To provide this new type of house and satisfy 
reasonable requirements of heat insulation and weather resist- 
ance new materials are being developed. New high-efficiency 
light sources were predicted using cathode ray principles. New 
all-metal radio tubes were predicted by Fall. The radio knife 
and charting of heart beats by picking up electrical currents 
from the body were other contributions of importance to our 
welfare. EQ 

Wool-dyeing in England. Anon. Ind. Bull. Arthur D. 
Little, Inc., 102, 2 (June, 1935).—An article describing a ‘“‘bubble- 
agitation” method at moderate temperatures instead of at the 
boiling point of water which has a tendency to injure the wool 
considerably. Apparently this new method by means of vibra- 
tion causes the fibers actually to “breathe in’’ the dye and hold 
certain dyes more evenly than the older technic. G. O. 


HISTORICAL AND BIOGRAPHICAL 


David Alter and the discovery of spectrochemical analysis. 
W. A. Hamor. Isis, 22, 507-10 (1935)—David Alter, an 
American, made important discoveries in spectroscopy at an 
early date and anticipated conclusions which have generally been 
ascribed to later workers. The distinction of sodium from po- 
tassium salts by means of their flame colorations was known to 
the ancient Hindus and to Marggraff and Scheele in the seven- 
teenth century. More systematic studies of spectra were made 


by Wollaston (1802), Fraunhofer (1814), Herschel (1822), Miller 
(1845), Swan (1856), and Bunsen and Kirchoff (1859). Five 
years earlier than Bunsen and Kirchoff, Alter stated clearly that 
each element has a characteristic spectrum—in a paper “‘On 
Certain Physical Properties of Light, produced by the Combus- 
tion of Different Metals in the Electric Spark, refracted by a 
Prism,” Am. J. Sct. and Arts, 18, 55-7 (1854). He recorded 
several phenomena which had already been described, but which 
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were probably his own independent discoveries, and defined the 
spark spectra of several metals. In one place, speaking like a 
veteran spectrochemical analyst, he mentioned ‘‘two faint bands 
in the blue which are not always seen and are probably caused by 
an impurity in the metal.’’ He further pointed out that an alloy 
of two metals showed the lines of both constituents. Ina second 
paper ‘‘On Certain Physical Properties of the Electric Spark, 
within Certain Gases, as seen through a Prism,” Am. J. Sct. and 
Arts, 19, 213-4 (1855), he described the spectra of hydrogen, 
air, and other gases, mentioning particularly the brilliant red line 
of hydrogen, and stated that the “colors of the aurora probably 
indicate the elements involved in that phenomenon.”’ He further 
suggested that “‘the prism may also detect the elements in shoot- 
ing stars, or luminous meteors.” 

David Alter, of German-Swiss extraction, was born in Alle- 
gheny Township, Westmoreland County, Pennsylvania, Decem- 
ber 3, 1807, and died at Freeport, Armstrong County, Pennsyl- 
vania, on September 18, 1881. After graduating in 1831 from 
the Reformed Medical College of the United States (an eclectic 
institution of New York City), he engaged in the practice of 
medicine at Eldertown, Pennsylvania. While practicing medi- 
cine, he found time to invent an electric motor, to build a large 
electric clock, and to design an electric locomotive. He made his 
own lenses, prisms, telescopes, and spectroscopes. He was one 
of the first Americans to use the photographic process of Daguerre 
and became a skilful operator, making a daguerreotype which 
showed the dark lines of the solar spectrum. He later moved to 
Freeport, Pennsylvania, where he became interested in the manu- 
facture of bromine, an industry which he introduced into this 
country, and designed and operated a plant for the 6 ie) of 
coal oil, the antecedent of petroleum kerosene. ce eRe 

Economic foundations of American chemical industry. W. 
Haynes. Ind. Eng. Chem., 27, 355-9 (Apr., 1935).—Economic 
forces which have operated during the past 300 years to build our 
chemical industry are discussed in some detail. This industry is 
not an outgrowth of the World War. In 1910 chemical exports 
exceeded $2,000,000,000 or one-twelfth of our manufactured 
exports, and our H.SO, production exceeded that of Germany. 
About 1610, pitch, tar, glass, frankincense, and soap ashes were 
exported from Virginia. In 1635 John Winthrop, Jr., set up the 
first chemical laboratory and began the manufacture of chemi- 
cals, his chief interest being Pb, Cu, Sn, gun powder, alum, and 
H2SO,. Soap, glass, brick, and pottery were developed locally, 
and in 1690 paper making was started. About 1740 the cultiva- 
tion and extraction of indigo was introduced into North Carolina, 
where it thrived for over acentury. In 1792 a sulfuric acid plant 
with a yearly output of 300 carboys was started which in 1806 
had a capacity of 500,000 Ib. 

The start and growth of some of the prominent chemical firms 
and industries are traced through their economic developments 
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which led to combinations and mergers resulting in our present 
large organizations. 13 ae A 


American chemical events, 1931-34. E. R. WEIDLEIN AND 
L. W. Boss. Ind. Eng. Chem., 27, 360-1 (Apr., 1935).—This is a 
chronological outline of American chemistry for the past four 
years. Previous outlines have appeared in 1926 and 1931. 

7D. 
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The professors of the Royal Institution. T. Martin. Nature, 
135, 813-6 (May 18, 1935).—This is an account of the nature of 
the professorships at the Royal Institution and the men who have 
held them. 

“Lectures on scientific subjects, to be given in a lecture room 
with the most up-to-date facilities for experiment and demon- 
stration, were a part of the original scheme drawn up in 1799 by 
the founder, Benjamin Thompson, Count Rumford; and when 
Rumford’s proposals were adopted and the Royal Institution of 
Great Britain came into existence, the ‘teaching by courses of 
philosophical lectures and experiments the application of science 
to the common purposes of life’ was recited as one of its objects in 
the Royal Charter granted by King George III.” 

The list of men who have occupied chairs in chemistry and 
physics includes many of the famous names in British science. 

The chemists, in order, are Thomas Garnett, Sir Humphry 
Davy, W. T. Brande, Michael Faraday, William Odling, J. H 
Gladstone, Sir James Dewar, and Sir William Bragg. 

The physicists include Tyndall, Lord Pa, * 3 i 
Thomson, and Lord Rutherford. 

Alchemy and music. Nature, 135, 967-8 (June : 1935). — 
This is an account of a lecture delivered by Professor John Read 
of St. Andrews (Scotland) before a combined meeting of the 
Chemical and Musical Societies 

“Judging from the popularity of Ben Jonson’s play, ‘The Al- 
chemist,’ (1610), there was a considerable public throughout the 
seventeenth century for attractive expositions of alchemy,” 
and frequenters of the playhouses must have had some familiarity 
with the technical terms of contemporary alchemy. During this 
period were published also many pictorial illustrations, or em- 
blems, of alchemical operations. Among them was one issued in 
1618 under the name of Michael Maier, who, besides being a 
musical alchemist, became physician and private secretary to the 
Emperor Rudolph II at Prague. 

This contains fifty epigrams set to music by the versatile 
author. Some of these so-called ‘‘fugues’’ or “‘part-songs’’ were 
sung by members of the St. Andrews Musical Society. 

“It is to be presumed that these ‘incantations’ were to be sung 
at critical moments during the concoction of the Philosopher’s 
Stone. One ‘fugue’ takes as its theme the thesis that ‘Fire loves 
not gold-making but gold.’ The music had a quaint and appeal- 


ing quality which seemed to accord with its esoteric purpose.” 
Fee, De 


TEACHING OBJECTIVES, METHODS, AND SUGGESTIONS 


The miniature camera way of visual instruction. Jonn B. 
MacHarc. Educ. Screen, 14, 123-5 (May, 1935).—The author 
says the average teacher should not assume the expense and ex- 
penditure of time necessary to prepare his own glass lantern 
slides. However, by a proper choice of equipment and using 
moving picture film the cost can be greatly reduced, the certainty 
of results increased, and time of accomplishment made reason- 
able. The paper presents details regarding equipment and 
procedures. B. ah 

Computing the exact mass in grams of an atom. D. L. Coxe. 
Sch. Sci. & Math., 34, 958-61 (Dec., 1934).—As a matter of 
interest to a class in high-school chemistry, the method of com- 
puting the exact mass in grams of any atom is suggested. Associ- 
ated with a gram mol of any element there are 6.06 X 1078 
molecules. This immediately furnishes the necessary informa- 
tion for computing the mass in grams of a molecule. By knowing 
the number of atoms in a molecule of an element, we can proceed 
to find the mass of a single atom. The gram molecular weight of 
any element divided by the product of Avogadro’s constant times 
the number of atoms per molecule, is equal to the mass in grams 
of one atom of that element. J, as. 


Vitalizing high-school science through the learning process. 
J. W. CLeMENSEN. Sci. Educ., 19, 49-56 (Apr.), 1935.—The 
author presents illustrative material to show how science teach- 
ers may consciously and definitely apply the principles of learn- 
ing to their classroom teaching and produce greater efficiency 
in pupil learning. The following principles are specifically 
illustrated: (1) principle of interest; (2) principle of identifica- 
tion; (3) principle of satisfaction; (4) principle of analogy; (5) 
principle of analogy for generalizations; (6) principle of use and 
recency; (7) principle of association; and (8) a of mind- 
set. MP; 


Films in the college classroom. J.S. ALLEN. Educ. Screen, 
14, 161-75 (June, 1935).—The author finds that talking films are 
more economical in time consumed and more efficient in terms of 
effective instruction than the usual laboratory demonstration in 
the physical science survey course at Colgate University. There 
are some silent films which are very helpful in enriching the 
course. There is still a need for more taiking films for science 
courses. A list of sources of films used at Colgate is re. 


ADMINISTRATIVE PROBLEMS AND DEVICES; CURRICULA 


Organic molecular compounds. P. PFEIFFER. Chem.-Zig., 
59, 205-7 (Mar. 9, 1935).—Discussion of general theories of or- 
ganic molecular compounds and of important examples. L. S. 


The optical activity of chemical compounds and the biological 
significance of stereochemical phenomena. W. Porg. Chem.- 
Ztg., 59, 185-8 (Mar. 2, 1935).—A review. Loe 
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RECENT BOOKS 


PROBLEMS AND EXPERIMENTS IN CHEMISTRY FOR GIRLS. 
(With Household Applications.) M. M. Downing and G. M. 
Bradbury, Lakewood High School, Lakewood (Cleveland), 
Ohio. With a foreword by Regina J. Friant, Department of 
Home Economics Education, Iowa State College. The 
Ohio Service Printing Co., Lorain, Ohio, 1934. iv + 169 pp. 
7 figs. 21 X 27cm. Pasteboard cover. $1.50. 


As stated by the authors, this book is a combination brief text- 
book, laboratory manual, and workbook. It is intended for the 
high-school girl and is designed to help her to use her chernical 
knowledge in her own home. The book is divided into 16 units 
of approximately 10 pages each—The Nature of Oxidation, 
Chemical Shorthand, The Chemistry of Textiles, ete. Each unit 
has its own separate title page on which there is a list of the 
problems involved, experiments, and general references, ranging 
in number from 5 to 10, with space left for assignments. One 
wonders at the arrangement of the references; it is neither alpha- 
betical nor chronological and might, therefore, be assumed to be 
in order of importance. Investigation of the texts to which 
reference is made, however, hardly bears out this assumption. 
The list would definitely be helpful to an instructor using this 
book but would be much more helpful if the dates given were 
those of the most recent editions, and if more of the later books 
could be included. It is somewhat puzzling why a book bearing 
a copyright date of 1934 should give as references, Food Inspec- 
tion and Analysts by Leach (1913), and Chemistry of Food and 
Nutrition by Sherman (1919), or why in a reference list of a unit 
devoted to organic chemistry not even one organic chemistry 
book is included, or why in a unit devoted to the chemistry of 
foods, no. book devoted exclusively to this subject is listed. In- 
vestigation of the text indicates that more recent material might 
have been included to advantage. 

The fact that the book is not indexed would be a great handicap 
to any user. Ina search for ‘‘types of chemical reaction’’ or the 
“test for a sulfate,” what student would suspect, on turning to 
the table of contents, that the title “Hydrogen, the Lightest 
Substance”’ holds the key to the solution? 

Roughly speaking, one-third of the printed matter is devoted to 
text material, one-third to experiments (of which there are 40) 
and one-third to a combination of the title pages of the units, 
drill and learning exercises, appendix, and blank space. The 
organization is such that, in general, facts and principles are pre- 
sented first followed by learning and drill exercises which are 
intended to help the student put into practice that which has 
been learned. Such an arrangement might be expected to assist 
the learning process and to make obvious the desirability of the 
subject matter. The factual material is very brief and the 
authors specifically state that the student must supplement the 
text with library reading. Unfortunately, in some instances, 
failure to obey this injunction might result in definite misunder- 
standing on the part of the student. Such an arrangement, 
however, may serve the very commendable purpose of encourag- 
ing the student in the use of library facilities. 

The title page of each unit states problems which, it is to be 
regretted, are largely problems from the point of view of the 
chemist and not of the student, e. g., What are some important 
facts concerning hydrogen? How is hydrogen used? What 


different types of chemical reaction are there? Even when some 


of the problems are considered from the point of view of the 
student, this point of view is frequently lost in the succeeding 
problems, e. g., What Three Essentials Are Needed to Have a 
Fire? How Can We Prepare Pure Oxygen? Fact Outline for 
Oxygen. What Is Oxidation? 

At times there is a rather appalling failure to relate laboratory 
procedure to home practice, e. g., an experiment on the Bunsen 
burner fails to make the obvious connection between the Bunsen 
burner and the gas stove which many of the girls have probably 
used for years; a measuring of liquids exercise confines itself 


wholly to cc. and fails to relate cc. to the teaspoons, tablespoons, 
and cups with which the girl must be familiar; likewise, grams 
are treated as independent units in the laboratory exercise, 
whereas their relationship to the weight units with which the girl 
is already acquainted could very easily be observed to advantage 
at the same time; ina series of food tests on protein, composition 
and color tests are studied, but the much more pertinent subject 
(to the girl) of coagulation temperature is ignored. Granted that 
the laboratory preparation of carbon dioxide has always been 
from marble and hydrochloric acid, why shouldn’t a girl make and 
collect it from the reaction between soda and sour milk or vinegar 
or even from baking powder and water? Is a girl’s time being 
used to best advantage when she is preparing and collecting and 
studying hydrogen in detail? Mightn’t she better collect illumi- 
nating gas from the cock and study its properties? Innumerable 
similar instances could be questioned. The fact appears to be 
that the main interest of the authors is in subject matter, with 
only secondary interest in the girl and her problems. This 
may be intentional but seems quite unfortunate. Whereas the 
book might have made a definite contribution to household 
chemistry if the girl and the household had been foremost in the 
authors’ minds, as it is, the book is one more chemistry book with 
household applications in spite of a most thought-provoking unit 
on cosmetics, which should challenge the interest of any girl, and 
the incorporation of a large number of thought questions. 
N. Y. State CoLttece or Home Economics 


CORNELL UNIVERSITY 
IrHaca, NEw YORK 


Marion C. PFunp 


THE FUNDAMENTALS OF GENERAL CHEMISTRY. Perry A. Bond, 
Associate Professor of Chemistry, State University of Iowa, 
Iowa City. Farrar and Rinehart, Inc., New York City, 1935. 
x+4llpp. 68figs. 14 20.5cm. $3.00. 


It is without doubt very difficult to write a thoroughly modern 
general chemistry text. Modern chemistry is characterized 
particularly by a rapidly increasing richness of its theoretical 
interpretations. The interaction of theory and experiment has 
added tremendously to the bulk of our factual knowledge; never- 
theless, theory has certainly become of prime importance in the 
study of a science. Chemistry at present is by no means wholly 
an inductive subject. 

The author of the book under review wisely recognizes this 
situation. He has made an interesting and in considerable part a 
successful effort to present the subject in a truly modern manner, 
although here and there he lapses into conventional viewpoints. 
The first two-fifths of the book are devoted to principles, except 
for short descriptive accounts of oxygen, hydrogen, and a very 
good introduction to the meaning of cheniical change in a chapter 
on typical metals. The connection of energy with chemical 
change, formulas, equations, and modern ideas of the composi- 
tion of matter are very properly discussed in the first few pages. 
It is unfortunate, however, to place at the end of the book a 
subject that has contributed as much to modern theory as has 
radioactivity. The Debye-Hiickel theory is assumed in the 
discussion of strong electrolytes and the Brénsted-Lowry concep- 
tion of the acid-base function is ably presented. The reviewer 
thinks that these theories imply a more consistent use of ionic 
equations than has been made. ; 

The reaction that formerly was supposed to produce ferric thio- 
cyanate molecules is well presented as involving the equilibrium 


FeClg + 6SCN~ = Fe(SCN)¢ + 6CI-, 


following which there is given the incongruous orthodox mo- 
lecular explanation (with a small unimportant modification) of the 
changes that occur when cupric bromide is dissolved and the 
solution is diluted (p. 135). Other reversions are: the chemical 
definition of a metal (53, 83, 125), the use of the term “polar” 
with respect to electrovalence (62), the definition of atomic 
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number as the excess of protons over electrons in the nucleus 
(29, 72), the explanation of hydrolysis (150). The formula for 
bleaching powder appears to be 3Ca(OCI)CI-Ca(OH)2.5H:20, not 
simply Ca(OC1)Cl (166). Turnbull’s Blue (380) has the same 
chemical composition as Prussian Blue. Pentavalent arsenic cat- 
ions (237) probably do not exist. The term “acid salt” (201) is 
anomalous according to the new acid-base theory. 

The book is too short for a one-year college course. For ex- 
ample, only two pages are devoted to the chemistry of chromium 
and most other subjects are treated correspondingly briefly. 
Its use will require much supplementary material but it will 
provide a very good outline. On the whole, however, the author 
is to be congratulated for having taken a distinctive step in the 
right direction. E. A. WILDMAN 


EARLHAM COLLEGE 
RICHMOND, INDIANA 


AIDS TO THE ANALYSIS OF Foop AND Drucs. C.G. Moor, M.A., 
F.I.C., Public Analyst for the County of Dorset, and William 
Partridge, F.I.C., lately Joint Public Analyst for the County 
of Dorset. Fifth edition. Revised and partly rewritten by 
John Ralph Nicholls, B.Sc., F.I.C., Chemist at the Government 
Laboratory, London. William Wood & Company, Balti- 
more, 1934. viii +322pp. 16 X 10cm. $1.50. 


The first edition of this comprehensive little volume appeared 
in 1895. During forty years its subsequent editions have served 
as a trustworthy guide to food and drug analysts of the British 
Empire and elsewhere. 

The plan of treatment of the subject matter follows this 
general order: First, a discussion of the composition, sources, and 
commercial varieties of the food or drug product. Second, a 
statement of the commonly occurring adulterations. Third, 
methods of analysis for the active ingredients and methods for 
the detection of the common adulterants. 

The work embraces dairy products, cereals and starches, 
beverages and condiments, food preservatives and coloring mat- 
ters, drugs and medicines, and commercial disinfectants. The 
appendix includes some legal information very useful to the 
analyst, a table of atomic weights, and methods of calibrating 
volumetric apparatus. A complete index accompanies the 
volume. 

The style of the authors is clear and concise; ideal for the pur- 
pose, setting forth in an unmistakable manner the many ana- 
lytical procedures included. 

The work admirably fulfils the purpose of the authors, namely, 
to present in a concise and compact form the information needed 
daily by the analyst in laboratories of food and drug control. 


Joun C. KRAnrTz, Jr. 


State DEPARTMENT OF HEALTH 
BALTIMORE, MARYLAND 


SmitH’s CoLLEGE CHemistry. James Kendall, Professor of 
Chemistry, University of Edinburgh, formerly at Columbia 
University and at New York University. Third Revised 
Edition. D. Appleton-Century Co., New York City, 1935. 
xiv + 753 pp. 18 halftones. 183 figs. 14 X 21.5 cm. 
$3.75. 


The third edition of this well-known textbook will be welcomed 
by those teachers who are looking for a thoroughly modern and 
scientific presentation of the chemistry of today. It is a worthy 
member of the excellent group of the Smith series of textbooks 
which have been so long and so favorably known. 

The new book contains considerably more material than its 
predecessors. The page is larger; there are fewer blank spaces 
and the number of pages is greater. The order of presentation is 
quite similar to that used in the preceding edition. The two 
most notable changes in the order of chapters are as follows: 
(1) the chapters on Combining Proportions by Weight; Atomic 
Theory, Atomic Weights and Crystal Structure; and Symbols, 
Formule and Equations are placed very early, just before 
oxygen. (2) The chapters on Plant Life; Plant Growth; Plant 
Products; Animal Life; and Synthetic Organic Products follow 
immediately after the discussion of the hydrocarbons and their 


derivatives. These changes in the order certainly produce a 
more logical sequence of topics which will undoubtedly appeal 
strongly to teachers of the science. On the other hand some 
students may find it rather tedious to begin by mastering 64 pages 
of theory, some of it rather abstract, before encountering the first 
descriptive chapter on oxygen. The grouping of all phases of 
organic chemistry in succeeding chapters is an undoubted advant- 
age. 

In spite of these attempts to group some of the subject matter 
into a logical sequence, the book adheres to the traditional Smith 
method of ‘‘progressive repetition’’ for the more extended topics 
such as ionization which is touched upon or treated in detail in 
no less than 14 different chapters. The classical theory of Ar- 
rhenius is used in treating the question of weak electrolytes. Ina 
separate chapter, to avoid confusion, greater emphasis is placed 
upon the theory of complete ionization. In the previous edition a 
single chapter was devoted to Radium, Atomic Energy and 
Atomic Structure; in the third edition this material has been 
expanded into three chapters. This expansion has become 
necessary by reason of the interesting discoveries which have been 
made in the borderland of physics and chemistry. The new topics 
discussed in this field include positrons, neutrons, the packing 
fraction, isotopes of oxygen and hydrogen, heavy water, artificial 
transmutations by atomic bombardment, semi-polar or co- 
ordinate valence, the atom and wave mechanics and ortho- and 
para-hydrogen. 

In addition to these major additions there are ‘‘innumerable 
minor alterations’ used to “bring the text into agreement with 
current theory or practice.” 

There are 53 chapters in the present book, spaced as the author 
believes so that ‘‘each of the chapters....constitutes a practic- 
able (and not too strenuous) lecture assignment.’’ One chapter 
is devoted to a “Practical Review of the Non-metallic Elements” 
and another to a “Practical Review of the Metallic Elements.” 
For a discussion of theory and the presentation of the non- 
metallic elements including silicon and boron 450 pages are used. 
Carbon and its compounds fill 86 pages while the presentation 
of the metallic elements occupies 188 pages. The exercises at 
the close of the chapters are not all in the nature of mathematical 
problems, but are stimulating and suggestive. The book as a 
whole will prove to be somewhat more difficult than the previous 
editions, and it is quite certain that the author expects the stu- 
dents of his book to have had some previous introduction to 
chemistry. 

The appendix contains six tables of useful information. The 
index is complete and well arranged, although it does not contain 
such terms as ‘‘buffer’’ and ‘‘pH’”’ which some readers might ex- 
pect in a text of like proportions. 

Another new feature is the inclusion at the end of many of the 
chapters of a limited number of references for additional reading. 
These references have not been chosen for the purpose of pro- 
viding “‘more meat, but in the form of appetizers.”» They are 
mostly articles in semi-popular style taken from the “fertile 
pages” of the JouRNAL oF CHEMICAL EpvucarTION, and less fre- 
quently from the Alembic Club Reprints as well as the author’s own 
popular book At Home Among the Atoms. These references 
should be popular with the teachers and with those students 
who really want to know the modern science of chemistry. 

The half-tones are nearly all new and well selected for their 
interest and educational value. The former plan of giving 
rather extended captions in the form of human interest stories 
for these illustrations is continued. Many of the old figures in the 
previous edition are retained, but they have all been made more 


.useful by a brief descriptive caption under each drawing. The 


paper and binding will give good service and the print is well 
selected for ease of reading. 

The third revised edition of Smith’s College Chemistry is an 
excellent product and worthy of sustaining the high regard won 
by its predecessors. Professor Kendall is to be congratulated 
upon his marked success in reaching the high ideals which 
have actuated him in bringing this standard text up to date! 

B.S. Hopkins 
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DR. JOHN DEE (1527-1608) 


A very learned and a very credulous man. He was adviser on 
medicine, magic, and alchemy to Queen Elizabeth who had much 
faith in the Art and contributed money to its practitioners. He 
experimented in spiritism and alchemy, and was deceived in both 
by the clairvoyant and charlatan, Edward Kelly. A notation in 
his diary for 1579 reads—“E.K. made projection with his powder 
in the proportion of one minim upon an ounce and a quarter of 
mercury and produced nearly an ounce of best gold.” In 1584 he 
took Kelly with him to Prague whither the Queen had sent him on 
a mission to the court of Rudolf II. Kelly convinced the Em- 
peror that he had the secret of the Philosopher’s Stone, and the 


Emperor detained him, and retained him, as an alchemist. Dee 
returned to England and practiced no more alchemy. Kelly was 
unable to accomplish the transmutation; he was imprisoned and 
eventually died, in 1597, in consequence of injuries received in an 
attempt to escape. 

Dee’s crystal ball, in which Mary, Ry of Scots, is reported 
to have foreseen her fate, is preserved in the British Museum. 
Some of the books from his splendid library came into the posses- 
sion of John Winthrop, Jr., and a few of these, containing the sig- 
natures of both of the men, are now in The Society Library in 
New York City. (Contributed by Tenney L. Davis.) 
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tion is on the point of taking up the study of 

chemistry with a view (at least tentative) to 
making the science a life career. These students are 
about to make the opening moves in a very serious 
game—one of which the future course and ultimate 
outcome are almost certain to be profoundly influenced 
by the opening play. Many of them are aware, in a 
general way, that they are entering upon a crucial 
period, and most of them are as receptive to advice and 
as desirous of profiting by it as they have ever been or 
ever will be again. 

No counselor of students who regards his duties 
seriously is oblivious to the grave responsibility that 
rests upon him. His great problem lies in the difficulty 
of advising in terms that have real meaning for the 
student. The good old copy-book maxims and the 
great fundamental generalizations concerning human 
conduct are well enough in their way, but the student’s 
mind sheds them as waxed paper sheds mercury. We 
are sometimes too ready to attribute this phenomenon 
to the innate perversity, irreverence, intractability, or 
what have you, of youth. The simple truth is that 
such counsels are essentially meaningless to the inex- 
perienced—they have form, but no content. Only the 
mature and observant mind with some experience of 
life can discern in them the distilled wisdom of the 
ages. As summaries after the chapter has been 
written, many of them are magnificent; as introductory 
generalizations which should serve as a guide to every- 
day particularizations, most of them are flat failures. 

We tell a student at the beginning of his college 
career that, if he has not already done so, it is high time 
that he became a conscious agent in his own education— 
an active rather than a passive organism. Nine times 
out of ten he is willing enough but somewhat bewil- 
dered. It might help if we made him privy to some 
of our teaching objectives. The writer has often 
thought how enlightening some of the discussions he 
has heard at educational meetings would have been to 
him in his student days. One might almost wonder if 
many teachers do not assume that they must take the 
student unawares and perform educational operations 
upon him before he suspects what is happening. Per- 
haps if we made less of a mystery of the pedagogic art 
and confided a few of our objectives to the student in 
intelligible and inoffensive terms we might find him a 
coéperative partner in a mutual enterprise, rather than 
the wily opponent in a battle of wits which he so often 
appears to be. What is more important, we might so 
help him in taking the first step toward self-education. 


\ S THESE lines are written a new academic genera- 





We advise the student that he can make better use of 
his study time if he learns to concentrate, but we too 
often forget to tell him how concentrating is done. He 
sometimes naively imagines that he concentrates when 
he immures himself, pokes his fingers in his ears, fur- 
rows his brow, grits his teeth, and glares fixedly at a 
textbook page, as though with the intention of burning 
a photographic time exposure into the tissues of the 
brain. This may be an excellent procedure for self- 
hypnosis but it is scarcely a useful study technic. No 
one ever practices true study concentration so long as 
he is filled with a conscious determination to concen- 
trate. Concentration is a negative (one is tempted to 
say, a passive) process. It is achieved by permitting 
a subject to absorb one’s faculties completely, not by 
attempting to gather one’s faculties into a species of 
bludgeon with which to beat down the subject. In 
short it is a process of surrender rather than of assault. 
But many students have yet to learn this. 

We tell the student to look ahead in planning his 
curriculum—but oft-times his knowledge is so limited 
that he can scarcely be blamed for seeing no farther 
than the end of his nose. To what should he look 
ahead, and having looked, what should he do about it? 
Generally speaking the chemistry major may look 
forward to one of three broad types of career: (1) an 
occupation not strictly chemical, but in which chemical 
knowledge will be either indispensable or of invaluable 
aid; (2) industrial control, production, or research 
work; (3) teaching and “pure” research. He can best 
look ahead by seizing every opportunity to inform 
himself on the educational and personal requirements, 
the actual duties and working conditions, the remunera- 
tion, the opportunities and avenues of advancement of 
the kind of work into which he hopes to enter. These 
he should study, not in a vacuum as it were, but in 
direct relation to his own tastes, aptitudes, and capaci- 
ties. He can look ahead by making a hobby of the 
collection of reliable and, in so far as possible, first-hand 
information about his prospective profession. He can 
do something about it by planning his education and 
self-discipline with a view toward meeting the require- 
ments of the work he is to undertake, or toward altering 
his aim while there is yet time, if that seems more 
advisable. 

These random and by no means equally important 
observations are not intended as any part of a manual 
of suggestions for student advisers. If they serve as 
hints to indicate how good advice may sometimes fall to 
the ground between adviser and advisee they will have 
served their purpose. 
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INSULIN-LIKE MATERIALS 
from PLANT TISSUES 


CHARLES E. BRAUN anp FRANCIS M. REES 


University of Vermont, Burlington, Vermont 


The literature in the field of insulin-like materials from 
the more common plant tissues has been reviewed, and the 
discrepancies and erratic results have been presented from 
a somewhat critical and comparative point of view. An 
attempt has been made to cite some of the experimental 
difficulties encountered in a field where many investigators 


‘ 
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INTRODUCTION 


HE DISCOVERY of insulin in the mammalian 
pancreas by Banting and Best in 1922 (1), and 
the development of the extraction methods by 

which it could be obtained on a commercial scale by 
Collip (2) were most significant advances in modern 
therapeutics and resulted in lengthened lives for thou- 
sands suffering from diabetes mellitus. It is not sur- 
prising, therefore, that the work in this field has been 
extended. Continued investigation has been along two 
distinct lines, namely, the chemical study of insulin 
with a view toward its synthesis, and the preparation 
from a readily accessible source of a substance which, 
when administered orally, would have a physiological 
action analogous to that of insulin. 

The results of the chemical investigation of insulin 
recently have been summarized in a very complete 
review by Jensen and Evans (3). 

It is the purpose of this paper to present a résumé of 
the attempts to obtain an insulin-like substance from 
sources other than the pancreas, and to point out some 
of the literature discrepancies and experimental diffi- 
culties encountered in this field. 


YEAST 


Of the many materials which have been investigated 
as possible sources of insulin, yeast probably has re- 


ceived most attention. This may be attributed to 
Collip’s prediction (4) that, since glycogen formation is 
definitely a function of insulin, the presence of glycogen 
might be indicative of the presence of insulin or some 
similar hormone. 

In 1922 Warner, Dixon, and Dixon (5) obtained a 
substance from yeast which decreased the blood sugar 
and diminished the glycosuria in depancreatized dogs. 
Collip (6), following up his glycogen formation hypothe- 
sis, succeeded in obtaining from yeast a substance which 
lowered the blood-sugar level in dogs. A similar ob- 
servation was made by Fetzer (7). Funk and Corbitt 
(8) reported that the injection of sterilized fresh whole 
yeast cells produced a hyperglycemic effect, but that 


have been unable to duplicate their own observations. 

The results of the authors’ researches have been pre- 
sented briefly to corroborate the conclusion of previous 
commentators that the results of many investigations in the 
field of hypoglycemic plant extracts cannot be accepted at 
their face value. 


++ + 


yeast grown on a medium rich in vitamin D and sub- 
cutaneously administered produced, in several in- 
stances, a lowering of the blood sugar to the extent of 
30-40% in 3 to 4 hours after the injection. 

The preliminary hyperglycemia of yeast extracts and 
their delayed action as noted by Funk and Corbitt (8) 
had also been observed by Collip (4, 6), who suggested 
that yeast extracts and insulin might not be identical. 
Funk and Corbitt (8) postulated that the material from 
yeast might slowly undergo transformation into insulin 
and thus account for the delayed action. Collip (4, 6), 
on the other hand, believed that the yeast extract was 
another hormone and on this assumption assigned to it 
the name “giucokinin.”’ 

Winter and Smith (9), and Hutchinson, Smith, and 
Winter (10) obtained from baker’s and brewer's yeast 
a substance which possessed insulin-like activity, and 
showed that increased yields of the active material, 
which they called glucokinin after Collip’s nomencla- 
ture, could be obtained by incubating the yeast for 24 
hours at 26° in contact with disodium phosphate and 
boiled white potatoes before extraction. However, 
despite preliminary incubation, the extracts from vari- 
ous yeast cultures showed considerable variation in 
activity, some extracts being completely inactive. 
While the convulsions which sometimes followed the in- 
jection of these yeast extracts could be relieved by ad- 
ministration of glucose, and therefore suggested a simi- 
larity to insulin, the yeast extracts always showed a 
delayed action compared to that of insulin. 

Brugsch and Horsters (11), Alzona and Orlandi (12), 
Simola (13), Shikinami (14), von Euler (15), and Mae- 
hara (16) all reported the preparation of active extracts 
from yeast, including baker’s, brewer’s, and wine yeasts. 
Alzona and Orlandi concluded that the active' molecule 
in these extracts must be small since the extracts re- 
tained their activity after filtration through a Berkefeld 
candle. Simola suggested that the activity might be 
due to a guanidine derivative, although insufficient ma- 
terial prevented a chemical investigation. Collip (6), 
had previously considered the possibility of a relation- 
ship between insulin, plant extracts, and guanidine. 
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The suggestion of Funk and Corbitt (8) that there 
might be some relationship between active yeast ex- 
tracts and vitamins was revived by the work of Bufano 
(17) who concluded that the activity of his yeast ex- 
tracts might have been due to their high vitamin con- 
tent. 

Kaufmann (18) observed that extracts possessing 
insulin-like properties could be prepared from yeast and 
yeast nucleic acids by extraction with normal hydro- 
chloric acid. From his work with these extracts, 
Kaufmann concluded that no true enzyme was involved 
in their physiological activity. 

Boivin (19), working with three strains of yeast, was 
unable to produce extracts of high hypoglycemic ac- 
tivity. With solubility and isoelectric-point data as 
his basis, Boivin concluded that the hypoglycemic sub- 
stance in yeast is not identical with insulin. 

Nagai (20) developed a simplified and convenient 
method for the preparation of active extracts from 
yeast. The raw yeast was shaken with a saturated 
solution of picric acid, and alcohol was added to a con- 
centration of less than 60%, whereupon the active 
principle went into solution as a picrate. It was then 
precipitated by increasing the alcoholic concentration 
to over 70%. A hygroscopic, physiologically active 
substance was obtained when the picrate was treated 
with sodium phosphate. 

In 1933, Binet, Fabre, and Bargeton (21) announced 
the preparation from beer yeast of a substance which 
had hypoglycemic properties. However, these work- 
ers, like Hutchinson, Smith, and Winter (10), reported 
that extracts from different batches of yeast varied 
greatly in physiological activity. 

Bickel and Nigmann (22) observed that in general 
the ingestion of 5 grams of dried yeast not only caused a 
fall in blood sugar but also produced a definite increase 
in liver glycogen in fasting rabbits. The maximum 
hypoglycemia was observed 4 to 6 hours after feeding. 
The yeast preparation was a special yeast powder 
called “‘levurinose.”’ 

Costa (23), on the other hand, although able to pro- 
duce only a slight hypoglycemia in normal rabbits by 
administration of 5 grams of beer yeast, noted that the 
hypoglycemic peak, obtained when glucose is injected 
into rabbits, was retarded. Very recently Costa (23) 
observed that beer yeast in general exerted a hyper- 
glycemic action, a result contrary to his earlier findings. 

Glaser and Halpern (24) reported the preparation 
from boiled yeast-press juice of a substance which they 
considered to be an insulin activator. The boiled 
juice itself showed no hypoglycemic effects. The so- 
called activation took place only in a slightly alkaline 
medium (pH 7.8). These workers postulated that part 
of the insulin in regular laboratory preparations is in- 
activated, therefore cannot exert a physiological effect. 
A somewhat similar view was held by Kaufmann (18) 
who was inclined to believe that the active substance 
in yeast extracts was not produced from the yeast as 
such but from the yeast nucleic acids. He advanced 
the idea that an active substance might be expected 
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wherever carbohydrate development is rapid, and that 
insulin and insulin substitutes, such as yeast extracts, 
which he implied might be enzymes of a sort, or activa- 
tors, show a similarity which can be explained only on 
the basis that they are derived from a common parent 
material. 


BACTERIA 


It has been noted that certain investigators work- 
ing with yeast extracts often obtained wide variations 
in the hypoglycemic properties of their extracts, some 
of which were completely inactive. Hutchinson, 
Smith, and Winter (25), in an attempt to account for the 
varying activities of their different yeast extracts, ad- 
vanced the opinion that these differences were probably 
not due to any variations in the nutritional state of the 
yeast but possibly were caused by the presence of cer- 
tain microérganisms, not yeasts, which produced the 
insulin-like activity of the active yeast extracts. Test- 
ing out this theory, they plated a portion of a moder- 
ately active yeast on nutrient agar and succeeded in 
isolating a pure culture of a bacillus. The latter was 
grown in a peptone-glucose-phosphate medium at 37°. 
Extracts of this bacillus in doses of 0.06 milligram per 
gram of body weight produced a marked lowering of 
the blood sugar in rabbits, and in some cases caused 
convulsions which could be relieved by the injection of 
glucose. Since extracts of the sterile medium were 
entirely inactive, it was concluded that the hypoglycemic 
material, which they called glucokinin, had been formed 
by the action of the bacillus. The active material 
produced in this way and that obtained from yeast were 
similar in that both were slower acting than insulin, the 
hypoglycemic convulsions usually occurring about six 
hours after injection. 

Hutchinson, Smith, and Winter, although unable to 
identify the organism employed in their experiments, de- 
scribed it as being a short coli-form bacillus which 
produced acid and gas from glucose and lactose in 
twelve hours but did not liquefy gelatin. They were 
unable to obtain an active substance from a strain of 
Bacillus coli. Following this lead, Little, Levine, and 
Best (26), Levine and Kolars (27), Simola (13), and 
Shikinami (14) reported the production of a hypogly- 
cemic substance from bacteria, living and dead, in- 
cluding Bacillus coli, Bacillus subtilis, and Streptococcus 
hemolyticus. Menten and Kipp (28) observed that, in 
large doses, paratyphoid B toxin produced in normal 
dogs a hyperglycemia which was followed by a fatal 
hypoglycemia. In depancreatized dogs, large doses 
produced an early and progressive hypoglycemia ending 
in death. Linton (29), investigating Streptococcus 
hemolyticus, reported that in rabbits, after intravenous 
injection, the blood sugar dropped at a constant rate 
but never reached a true hypoglycemic level. 

Delafield (30) was able to lower the blood sugar of 
fasting rabbits by as much as 50-milligram per cent. by 
injecting suspensions of dead Bacterium aertrycke. 
When the suspension was autoclaved prior to injection, 
the hypoglycemic effect was diminished. The hypo- 
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glycemia which followed the injections of suspensions of 
dead Bacterium aertrycke, or of the bacterial filtrate was 
preceded by a definite hyperglycemia, the increase in 
blood sugar being as great as 70-milligram per cent. in 
some cases. Delafield further demonstrated that dead 
Gram-positive organisms had no effect upon the blood 
sugar but that Gram-negative organisms have a definite 
effect upon the blood sugar and blood inorganic phos- 
phorus. The usual result following injections of dead 
Gram-negative organisms was a hyperglycemia accom- 
panied by diminished phosphorus content 2 hours after 
injection, followed by hypoglycemia and a high phos- 
phorus content 24 hours after injection. 

The demonstration of the production of a hypogly- 
cemic material through a bacillus, and the hypoglyce- 
mic properties of certain bacteria, living and dead, 
suggest that the insulin-like properties of yeast extracts 
might be due not to some material within the yeast cell 
itself, but to the presence of some bacillus or organism 
associated with the yeast, and thus might account for 
the variations observed in the physiological activity of 
different yeast extracts and of extracts from different 
strains of yeast. In view of these findings it is rather 
difficult to say definitely that yeast tissue itself con- 
tains a material which possesses insulin-like activity. 


HIGHER PLANTS 


Many plant tissues other than yeast have been in- 
vestigated as possible sources of insulin or a material 
having insulin-like properties. Collip (4, 6) in 1923 
reported the preparation of active extracts from onion 
tops and onion roots. Janot and Laurin (31) in 1930, 
and Laurin (32) in 1931 obtained active extracts from 
the bulbs of common onions (Allium cepa L.). Laland 
and Havrevold (33)* in 1933 reported the results of 
their intensive investigation on onion (garlic, Allium 
sativum) extracts which they found produced marked 
hypoglycemia in normal rabbits and depancreatized 
dogs by either oral or intravenous administration. The 
maximum blood-sugar lowering occurred between 1 and 
5 hours after administration, showing a physiological 
action much slower than that of insulin. They suc- 
ceeded in isolating from their active extract a crystal- 
line compound, volatile with steam and ether-soluble, 
which melted at 174°, contained no sulfur, and gave the 
characteristic color and precipitation reactions of alka- 
loids. This compound was active physiologically only 
when combined with the sulfides commonly present in 
onions. It should be pointed out that many of the ex- 
tracts of Laland and Havrevold were inactive, and even 
the active preparations lost their activity upon standing 
in an ice chest from 1 to 10 days despite the addition of 
preservatives. The most active extracts were ob- 
tained from onions (garlic) which had been stored for 
six months. 


* In the bibliography of the paper by Laland and Havrevold 
(33), reference No. 2 is recorded incorrectly. The name Sippola 
has been used instead of Simola, both in the bibliography and 
throughout the text. 
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Best, Jephcott, and Scott (34), using a method de- 
veloped for the preparation of insulin from pancreas, 
were unable to obtain any physiologically active ex- 
tracts from onions. 

In this laboratory, applying the method of Laland 
and Havrevold (33), the authors failed to obtain any 
active extracts from stored onions, garlic, onion tops, 
or bulbs and roots of growing onion sets. 

Thalhimer and Perry (35) in 1923 observed a hypo- 
glycemic effect following the injection of raw potato 
juice. Best and Scott (36), Simola (13), and Laland 
and Havrevold (33) reported the preparation of active 
extracts from potatoes. Contrary to these findings, 
Hutchinson, Smith, and Winter (10) prepared extracts 
from raw potatoes which were physiologically inactive. 

Dubin and Corbitt (37) and Best and Scott (36) in 
1923 reported the preparation of hypoglycemic extracts 
from celery. 

Best and Scott (36) and Sammartino (38) obtained 
active preparations from beet roots and beets (Beta 
vulgaris), respectively. Very recently Rychlik (39) 
reported that alcoholic extracts of dried beets produced 
marked hypoglycemia in dogs following subcutaneous 
administration. On the other hand, Dubin and Corbitt 
(37) and Best, Jephcott, and Scott (34) were unable to 
obtain any hypoglycemic material from not dried beets. 

Franke, Malczynski, Giedosz, and Onysymow (40), 
by fractionating the petroleum ether extract of vacuum- 
dried carrots, obtained an amorphous yellow material 
which, in almond oil, produced definite hypoglycemia 
when subcutaneously injected into men, rabbits, and 
dogs. Dubin and Corbitt (37), using a different method 
of extraction, failed to obtain any active material from 
carrots. 

Extracts possessing hypoglycemic properties were 
reported to have been prepared from lettuce by Collip 
(4, 6), and by Dubin and Corbitt (37). 

The presence of an insulin-like material has been re- 
ported in various green leaves other than lettuce. 
Collip (4, 6) obtained an active extract from green 
wheat leaves and ordinary lawn grass. Simola (13) 
reported the preparation of a hypoglycemic principle 
from green rhubarb leaves. Sammartino (38) ob- 
tained a similar material from blue grass (Poa pratensis) 
and endive (Cichorium endivia). Dubin and Corbitt 
(37) and Sammartino (38) prepared hypoglycemic ex- 
tracts from spinach (Spinacia oleracea). 

Dubin and Corbitt (37) in 1923, and Erderer in 1927 
(41), reported the preparation of extracts from cabbage 
which produced hypoglycemia. However, as in the 
case of most plant extracts, the hypoglycemia was pre- 
ceded generally by a hyperglycemia. It was men- 
tioned previously that Collip (4, 6), who first noticed 
these two effects of plant extracts, concluded that they 
were produced not by insulin, but by a new plant hor- 
mone which he named ‘‘glucokinin.”’ 

In their investigation of plant extracts, Dubin and 
Corbitt (37) succeeded in separating the active mate- 
rial into two fractions, one hyperglycemic and the other 
hypoglycemic. The latter was reported to be very 
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similar to insulin in its physiological effects and pro- 
duced no preliminary hyperglycemia. The fractiona- 
tion depended upon changing the alcoholic concentra- 
tion from 80%, where the hyperglycemic principle was 
precipitated, to 93%, which caused the precipitation of 
the hypoglycemic principle. The latter was further 
purified by precipitating it as a picrate or dinitrosali- 
cylate and then decomposing the precipitate with alco- 
holic hydrochloric acid. The purified hydrochloride, 
after precipitation from the alcoholic solution with 
ether, was injected into normal rabbits for physiological 
assay. The hypoglycemic material could also be sepa- 
rated from the hyperglycemic fraction by adsorption 
upon charcoal or kaolin (37, 41). Therefore, it would 
appear from the work of Dubin and Corbitt that the 
“glucokinin’”’ of Collip is not a new plant hormone but is 
a complex material containing two antagonistic factors, 
one hyperglycemic and the other hypoglycemic, which 
can be separated by fractional precipitation with alco- 
hol. 

The authors, in this laboratory, employing the ex- 
traction methods of Collip (6) and also of Dubin and 
Corbitt (37), were unable to obtain any hypoglycemic 
extracts from cabbage in twelve attempts. Further- 
more, it was found that the 93% alcohol precipitate, 
which Dubin and Corbitt (37) described as being a 
“erayish-white”’ material, turned almost immediately 
to a brown viscous sirup upon the slightest exposure 
to the air. This material, protein-like in chemical be- 
havior, appeared to be exceedingly hygroscopic. The 
same observation was made when working with the so- 
called hydrochloride of the hypoglycemic principle. 

The 80% alcohol precipitate, obtained as described 
by Dubin and Corbitt (37) as a brown, sirupy mass, 
contrary to the observations of these investigators, 
failed to produce a marked hyperglycemia when ad- 
ministered subcutaneously to normal fasting rabbits 
in doses as high as 2 grams per kilo. Chemical investi- 
gation of this material showed it to consist chiefly of 
carbohydrate. It reduced Fehling’s solution, gave a 
positive Molisch reaction, a positive Barfoed reaction, 
and formed an orange-yellow phenylosazone which 
melted at 205.5° after recrystallization. A mixed 
melting-point determination with phenylglucosazone 
(m. p. 204-205°) gave 205°. Sodium fusion of the 80% 
alcohol precipitate showed the presence of sulfur and 
phosphorus and the absence of nitrogen. An examina- 
tion of the ash revealed the presence of sulfate and 
phosphate. From its general chemical behavior, its 
solubility in water and insolubility in alcohol, and from 
the result of the mixed melting-point determinations, 
the authors concluded that the 80% alcohol precipitate 
from cabbage extracts consists chiefly of glucose. 

Cereals and grains have been investigated as pos- 
sible sources of insulin. Collip (4, 6) announced the 
preparation of a hypoglycemic material from barley 
roots and sprouted grain. Best and Scott (36) and 
Kaufmann (42) obtained an insulin-like action from 
wheat extracts. Simola (13) and Kaufmann (42) re- 
ported an active principle in oats and oat hulls, and 
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Kaufmann (42) noted similar results with rye ex- 
tracts. In a subsequent investigation, Kaufmann (43) 
showed that the hypoglycemic activity of these cereal 
extracts increased in the order of rye, wheat, and oats. 

Best and Scott (36), in 1923, reported the preparation 
of a hypoglycemic substance by extracting rice with 
80% alcohol made 0.35% acid with hydrochloric acid. 
Funk and Corbitt (8) obtained only a hyperglycemic 
effect from crude extracts of rice polishings. 

In this laboratory the authors, using polished rice, the 
whole kernel and also pulverized whole rice, and em- 
ploying the extraction technic of Best and Scott (36), 
failed in eleven experiments to obtain a single extract 
which showed hypoglycemic properties when subcutane- 
ously administered to normal fasting rabbits. Since 
the failure to obtain an active material from rice has 
been substantiated by work done in Dr. Best’s labora- 
tory (44), it appears that rice is not a source of an insu- 
lin-like material despite the report in the literature to 
the contrary. 

The legumes have been reported to be possible sources 
of insulin-like materials. Collip (4, 6) prepared active 
extracts from bean tops. Brugsch and Horsters (11), 
Eisler and Portheim (45), and Kaufmann (42, 46) re- 
ported the preparation of hypoglycemic extracts from 
lentils, peas, beans (Phaseolus vulgaris), bean pods, and 
bean husks. 

Among the miscellaneous plant sources which have 
been claimed to be productive of insulin-like materials 
are the following: turnips, mushrooms, and horse- 
radish were reported to yield a hypoglycemic principle 
by Glaser and Wittner (47). Fisher and McKinley 
(48) obtained insulin-like substances from the juice, 
pulp, and rind of citrous fruits (oranges, grapefruit, and 
lemons). Marx and Alder (49) showed that the ad- 
ministration of an extract of nettles (Herba urtice 
dioice) to rabbits with an adrenaline or alimentary 
hyperglycemia produced a lowering of the blood sugar. 
Kaufmann (50) prepared hypoglycemic extracts from 
jambul bark. Solanaceous plants, Solanum indicum 
and Solanum sanitwongsei, when taken orally were re- 
ported to reduce the glycosuria in diabetics (51). 
However, subsequent investigations by Long and Bis- 
choff (52), by Bulger (53), and by Kleiner (54) failed 
to show the presence of a hypoglycemic substance in 
these plants. 


MYRTILLIN 


A plant extract of unknown constitution under the 
name of “‘myrtillin’’ has received considerable attention 
as a therapeutic agent in the treatment of diabetes. 
Myrtillin is the hypoglycemic fraction of an alcoholic 
hydrochloric acid extract of the dried green leaves of the 
whortleberry or the blueberry, and was first prepared 
from whortleberry leaves by Mark and Wagner (55). 
The name myrtillin was assigned on the basis that the 
whortleberry and the blueberry were members of the 
myrtle family. This nomenclature is unfortunate for 
two reasons: First, neither plant is a myrtle, the whortle- 
berry being Vaccinium uliginosum L. and the blue- 
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berry an Ericace. Secondly, myrtillin was the name 
given by Willstatter (56) to the anthocyanin obtained 
from the skins of whortleberries, and to which he as- 
signed the formula Cy2H23;0.Cl for myrtillin chloride. 
From the latter he prepared the anthocyanidin myr- 
tillidin chloride, C:sHi1s07Cl, which has the following 
structure: 


Myrtillidin Chloride 


Myrtillin was reported to reduce alimentary hyper- 
glycemia in normal dogs after oral administration, an 
observation confirmed by Eppinger, Mark, and Wagner 
(57), Allen (58), Shpiner (59), and others. Totally de- 
pancreatized dogs could be kept alive for long periods 
by the administration of myrtillin. It even has been 
used clinically on diabetic patients with some degree of 
success in mild cases. 

Several rather abnormal properties have been as- 
sociated with myrtillin. Its hypoglycemic action is 
variable and weak compared to that of insulin, which 
makes it useless in acidosis and coma. It does not 


appreciably change the normal fasting blood sugar and 
does not produce a hypoglycemia in normal dogs. It 
is reported by Allen (58) to be ineffective in reducing 


hyperglycemia in rats and rabbits. It is active by oral 
administration but only in relatively large doses, and 
exerts a prolonged effect sometimes lasting for several 
days. No satisfactory explanation has been offered 
for the generally observed variable physiological ac- 
tivity of myrtillin. No claims are made that it is simi- 
lar to insulin or a substitute for it. Myrtillin merely 
appears to be an aid in carbohydrate metabolism and 
therefore might be of value in the treatment of diabetes. 

It was mentioned above that myrtillin was said to be 
ineffective in rabbits with alimentary hyperglycemia, 
but no explanation for this has been advanced. In 
this laboratory the authors were able to show that the 
alimentary hyperglycemia produced in normal fasting 
rabbits by the ingestion of 10 grams of glucose per kilo 
is depressed distinctly but very variably by the oral 
administration of one gram of myrtillin* per kilo of 
body weight. 


PREPARATION AND CHEMISTRY OF PLANT EXTRACTS 


The preparation of the various plant extracts re- 
ferred to above was accomplished in general by first 
treating the plant tissue with steam or freezing it with 
carbon dioxide snow and then extracting with either 
acidified alcohol or water. For the most part the ex- 
tracts were concentrated in vacuum at low tempera- 
tures, and the concentrate tested directly for physiologi- 


* The myrtillin used in this work was obtained from the Cole 
Chemical Co., St. Louis, Mo. 


cal activity. Sometimes the plant juice was pressed 
out and treated directly with picric acid or ammonium 
sulfate to precipitate the active principle. The picrate 
then was usually converted into the hydrochloride with 
alcoholic hydrochloric acid. Very few attempts were 
made to purify the active material other than to pre- 
cipitate it as its picrate or dinitrosalicylate or through 
preferential adsorption. In most cases the physiologi- 
cal assay was not made upon a dry-weight basis but 
upon the effect produced by an extract from a given 
weight of starting material of unknown moisture con- 
tent. In this connection it seems of interest to mention 
the statement made by Dubin and Corbitt (37) that 
“one kilo of vegetable yields approximately 0.100 g. 
of the crude grayish-white precipitate” which in turn 
produces ‘‘about 0.010 g. of the very potent hydrochlo- 
ride.” Thus, despite not only the seasonal variations 
in water content of any plant but also the difference in 
water content of different plants, it is reported that the 
yield of hypoglycemic material per given weight of 
“fresh vegetable” tissue is approximately constant. 

Very little work has been done on the chemical na- 
ture of these plant extracts. For the most part inves- 
tigators report that insufficient material prevented a 
chemical examination. From the reports available, 
the active principle appears to act like a protein. It is 
nitrogenous, shows certain typical protein reactions, 
and has been precipitated from the plant juices, in some 
cases, by ammonium sulfate and picric acid. However, 
these chemical characteristics are not accepted by all 
workers in this field. The only chemical individual 
which has been isolated from plant extracts claimed to 
possess hypoglycemic properties is the physiologically 
inactive, crystalline compound melting at 174° isolated 
from onion extracts by Laland and Havrevold (33), 
and reported by these investigators to be alkaloidal in 
nature. 


CONCLUSION 


From the foregoing discussion it is apparent that 
there are many discrepancies and conflicting results 
recorded in the literature covering the field of insulin- 
like materials in plants. Best, Jephcott, and Scott (34) 
in 1932 considered this situation and advanced the 
idea that in many cases the physiological assay had been 
interpreted incorrectly and a hypoglycemic action re- 
ported where none actually existed. This argument re- 
ceives support from the work of Scott (60) who showed 
from 1625 observations on 215 rabbits that the blood 
sugar of fed normal rabbits varies appreciably and has 
a mean value of 123 milligrams (glucose) per 100 cc. 
of blood with a mean deviation of 13. Best, Jephcott, 
and Scott also consider contamination with insulin as 
being responsible for many reports in the literature that 
plant extracts produced hypoglycemic effects, and 
point out that in several instances, subsequent work 
by the same investigators failed to confirm their pre- 
vious results. As a third explanation for the erratic 
reports in the literature, Best, Jephcott, and Scott con- 
sider the possibility of contamination of the plant ex- 
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tracts with some living agent which may have produced 
the observed hypoglycemic effects. The authors have 
attempted to support this point of view in their dis- 
cussion of the possibility of bacterial contamination of 
yeast extracts. 

Other investigators have attempted to account for 
their failure to duplicate other work in this field or 
explain their own inconsistent results on the basis of 
nutritional variations in the soil, or seasonal changes in 
the plants themselves. 

Regardless of the merits of these arguments, the 
authors, from the results of their own experiments with 
plant extracts, agree with the statement of Best, Jeph- 
cott, and Scott that, ‘“While sufficient experiments have 
not been performed to justify the conclusion that an 
insulin-like substance (glucokinin) is not present in 
plant tissues, it may be stated that in light of the recent 
findings the previous reports cannot be accepted at 
their face value.” 

The authors are indebted to their colleagues, Mr. G. 
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C. Crooks and Miss C. L. Brown of the Depart- 
ment of Chemistry, for carrying out the physiological 
part of this work, and to Dr. B. F. Lutman of the 
Department of Botany for his very kind codperation 
and advice. 

ADDENDUM. In the interval between the prepa- 
ration of this paper and its publication, a paper by 
Jorgensen and Lynn (61) has appeared reporting the 
failure of plant extracts to reduce blood sugar and, also, 
the failure to observe any evidence of the passage of a 
hypoglycemic principle from one animal to another. 

The latter observation had already been noted by 
Collip (62) in 1927, when he announced that he had 
been unable to duplicate his own results on ‘‘animal 
passage hypoglycemia”’ in his investigation of a hypo- 
glycemia-producing substance in plant extracts. 

The recent paper by Jorgensen and Lynn (61) sup- 
ports the work of Best, Jephcott, and Scott (34) and 
that of the present authors, and materially strengthens 
their conclusions. 
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N AMERICA we still have the College of Liberal 
Arts and the University, although the distinction is 
not often recognized by the general public, certainly 

not always indicated by the official title attached to 

individual institutions. Many a College of Liberal 

Arts is labeled ‘‘University”’ in its charter authorized by 

legislative enactment. Furthermore, practically all of 

our Universities that are really such and so designated 
have within their walls a College of Liberal Arts, and 

both functions, that usually performed by such a 

college and that performed by the university, are car- 

ried on simultaneously and not infrequently by men of 
the same faculty. 

While most of us have something rather definite in 
mind when we use the word “‘college,”’ and something 
else rather definite in mind when we use the word 
“university,” there is a difference of opinion as to 
whether any such distinction should be made. Some 
hold that there should be a progressive change from 
college freshman to university doctor of philosophy, 
with no radical break anywhere along the line. Others 
maintain that the aims and the purposes of the two 
institutions are quite different, that the function of the 
college is to develop men and the function of the uni- 
versity is to develop science, using the word “‘science’”’ 
in a broad sense. Putting it in another way, that the 
college is personal, cultural and humanistic; the uni- 
versity, impersonal, scientific, and materialistic. The 
college sets for itself the task of conserving knowledge; 
the university that of creating or extending knowledge. 
The watchword of the college is culture; that of the 
university, research. 

The product of the college is expected to be a gentle- 
man, courteous in conduct, catholic in taste, well ac- 
quainted with the outstanding literature of every age 
and country, fairly familiar with human history from 
early dawn to the present hour, somewhat acquainted 
with the physical world in which he lives, having some 
knowledge of the basal facts, theories, and laws of the 
biological and physical sciences, trained to discriminate 
between values, able to express himself clearly and 
effectively in his own language and having at least a 
reading knowledge of Latin or Greek as well as German 
and French, or some other modern tongue. He is a 
“bachelor of arts.” 

The product of the university on the other hand, and 
I am referring now to the graduate and not the profes- 
sional school, is expected to be a specialist, a man 
trained in the technic by which the boundary of knowl- 
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edge in some particular field of learning is extended, be 
it science, philosophy, philology, theology, mathe- 
matics, psychology, history, or any other of a dozen or 
more fields. He is supposed to be well versed in the 
many phases or aspects of his particular field, an au- 
thority on some rather technical subdivision of this 
field, and to have made by his own research some con- 
tribution to the enlargement of its boundaries. Heisa 
“doctor of philosophy,’’ even though he may never have 
read a page of philosophy. 

There are some who still take the position that during 
his four years in a college of liberal arts the young man 
should take no thought as to his future vocation or pro- 
fession, that he should devote his whole time and 
strength to the pursuit of that indefinable and some- 
what nebulous something called “culture,” and that 
only after he has been sufficiently cultured, at the close 
of a four-year period in which are mingled much work, 
more leisure, not a little participation in sports, extra- 
curriculum activities of all kinds, social and otherwise, 
and given abundant opportunity to cultivate that very 
delicate art, the art of making friends—then, and not 
until then, should he be expected to give his attention to 
that rather troublesome question, the question of earn- 
ing a livelihood or preparing himself for some kind of 
more or less public service, the practice of some profes- 
sion, the application of technical knowledge. One 
hears not infrequently from college platforms the dec- 
laration, ‘‘It is far more important to make a life than 
it is to make a living’’—hence the purpose of the college 
of liberal arts. Perhaps it was for this reason that our 
older colleges were located in remote places, that the 
students might be free from the temptations and allure- 
ments of city life. , 

Then again, there are those who believe that given 
some incentive toward the habit of taking a broad out- 
look in any situation, a man for the most part will make 
his life, that is, grow in the habit of acquiring and de- 
veloping all the qualities of a good citizen, while at the 
same time he is in the process of making his living, prac- 
ticing his profession, or applying his technical skill. 
Surely a man has much more of his life to make after he 
leaves college than he has made up to the time of his 
graduation. Making a life is a continuous process of 
growth. The preacher grows, or should grow, in the 
repeated act of preparing and delivering his sermons 
and discharging the many other obligations connected 
with his office, but he does not preach without compen- 
sation. By this service he is earning his living; at the 
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same time he is making his life. Similar statements 
might be made of the members of other so-called learned 
professions or business occupations. 

So there are many who hold that the greatest service 
a college of liberal arts can render a youth is to bring 
him in touch with the various fields of human en- 
deavor—language, science, history, philosophy, litera- 
ture—in the hope that by the end of two years, by 
contact with subjects, with teachers, and with fellow 
students he will have found some field of study to 
which he might devote himself with special interest and 
for the pursuit of which he might manifest a marked 
aptitude. Unfortunately, such a happy result is within 
the experience of only a comparatively small proportion 
of college students. Experience has shown that the 
large majority are unable to decide at the end of even 
four years just what they would like to do for the re- 
mainder of their lives; nor is it probable that a choice 
could be made by these if the college period were ex- 
tended to six years instead of four. At any rate they 
will have been given an opportunity to discover their 
major interest, if perchance they have one. I am not 
unmindful of the fact that many students leave college 
with their minds set on one pursuit and later change it 
for another, while others, perhaps a small number, do 
not find themselves until they are older and much more 
mature, and a few never reach such a happy state at all. 

Is it narrow-minded, selfish, unfair, unethical, or bad 
psychology for a college teacher particularly interested 
in a certain subject to be on the lookout for freshmen 
who may evidence a marked aptitude for and striking 
interest in the subject in which he himself is most inter- 
ested? Is the chemist inexcusable for keeping a 
“‘weather eye” out for a potential chemist, the physicist 
for a potential physicist, a zodlogist for an embryonic 
zodlogist, and for being a little partial in his attentions 
when he has found such a potentiality? 

If the professor of English detects in a freshman or a 
sophomore the gift of writing, is he disloyal to educa- 
tional ideals if he encourages that student to give his 
attention particularly to the cultivation of this talent? 
Of course a man cannot do much writing unless he has 
something to write about, but will not the increasing 
capacity of effective expression stimulate him to a 
wider acquaintance with fields of human interest? 

Is it not our duty to discover talents wherever they 
may be hidden, to cultivate aptitudes when once re- 
vealed, and to encourage our students to develop both 
the acquisitive and appreciative spirit on the one hand, 
and the creative spirit on the other? Should we leave 
to the college of liberal arts only the former, and reserve 
for the university only the latter? 

Would it not be wise and to the highest ultimate good 
of the student himself, as well as the social order in 
which he is to spend so large a part of his life, if he could 
begin the cultivation of the scientific imagination, 
receive some decided stimulus to the creative instinct, 
said to be latent in all of us, while he is still in college, 
and, on the other hand, carry over the desire for further 
general culture into the university? Is it not possible 
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to provide our gifted students, particularly our seniors, 
some practice in research, in creative effort, in the set- 
ting up of original problems and the effort at solving 
them, without destroying their interest in other fields 
than the one in which they have found a particular 
interest, without decreasing their understanding and 
sympathetic appreciation of the work of others in 
widely different fields of activity? If all men of the 
present were content with merely knowing what men 
before them have brought to light in philosophy, sci- 
ence, literature, government, the fine arts, how could 
there be any progress? And if this had been the atti- 
tude of all men from the beginning, how could we now 
have any knowledge of any kind, any literature or art 
or philosophy? 

At the institution in which I have had the privilege of 
teaching chemistry for many years, while some of us on 
the teaching staff have been commiserated occasionally 
for being afflicted with “‘departmentitis,” it has at least 
not been considered an unpardonable academic sin for a 
member of the faculty to look with pride and some satis- 
faction upon “‘a find” and to give such a youth of special 
promise every encouragement in the pursuit of the dis- 
tant goal. I must confess to a real thrill over the dis- 
covery of a freshman or sophomore with an unmistak- 
able bent toward chemistry and an enthusiasm for this 
particular science. I am sure that I should feel the 
same thrill if it were some other gift the student pos- 
sessed and I had the capacity to detect it. Further- 
more, I have never hesitated to give such a student 
individual attention and encouragement from year to 
year until I have had the satisfaction of seeing him make 
later the same kind of progress in the graduate school, 
and still later the same marked success in the field of 
research, either in the pure science or in its numerous: 
practical applications, that he made as a student in 
college. After all has been said, is a man less worthy of 
respect or esteem who devotes a large part of his time 
and strength to chemical research in the effort to dis- 
cover the molecular structure and a practical synthesis 
of adrenalin, thyroxin, chlorophyll, hemoglobin, or any 
one of numerous other substances of vital significance to 
mankind, than one who spends his days in the contem- 
plation of ancient philosophies, the reading of medieval 
history, or the critical analysis of modern fiction? 
Should we not let every man work out his own destiny 
to his own satisfaction, and without interference or 
hindrance from others, so long as he injures no one and 
does not stand in the way of the progress of others 
motivated by as noble aims and ideals as himself? 

Approximately forty per cent. of the students enter- 
ing college remain to graduate; of these, ten or fifteen 
per cent. go on to graduate schools to continue their 
studies in fields in which they have become particularly 
interested while students in college. About half of 
these take their doctor’s degrees from some university. 
Might not a larger proportion take this course, and 
might not the world be a little richer in learning as well 
as in wisdom if these percentages could be brought to 
larger numbers? And might not these numbers be 
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increased if we as college teachers could give more of our 
students of special promise, during at least their senior 
year, some introduction to the spirit and methods of the 
university, and thereby make the transition from the 
institution of liberal arts to the institution of creative 
scholarship less abrupt and more appealing? In some 
colleges more than one department on the campus is 
doing this very thing, and in a very creditable way, and 
the results of the efforts are attracting favorable atten- 
tion. 

For the past two years we have been trying out at 
DePauw a definite experiment of this kind in the de- 
partment of chemistry. Those seniors who are taking 
their last routine course in completion of their require- 
ments for a major and who have the spare time and the 
inclination are‘assigned to a member of the staff for a 
research problem. This man is specially interested and 
skilled in research. These problems cover as wide a 
range as the capacity and experience of the instructor 
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will permit. The students take up the work and carry 
it on with great enthusiasm, giving a great deal more 
time to it than they would to any routine course. In 
order to broaden their knowledge of chemistry in general 
while centering their attention largely on some very 
definite problem, they meet together from time to time, 
each to give account of himself, his progress, his meth- 
ods, the difficulties encountered, new problems arising, 
and so forth. There were six enrolled for such work 
last year, nine this year. 

Four out of last year’s group are now in graduate 
institutions. By the close of the present year there 
will be some half-dozen papers ready for publication and 
several men again headed for universities for their 
advanced degrees. We shall continue the experiment 
as long as we can secure the necessary funds unless we 
have reason to change our estimate of its success. We 
are very much gratified with the results up to the pres- 
ent time. 
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CRAVE your forbearance for my boldness in 
I appearing before you to speak upon this topic. 
In arranging the program I had some difficulty 
in finding a suitable speaker for it; and as the time for 
completing the program came to a close, I was per- 


suaded to attempt it myself. What I will have to say 
will be neither very profound nor carefully studied. 
I shall probably make dogmatic statements to which 
you may take exception. Without attempting to 
speak with authority I shall only try to present the 
views on the subject which are held by many chemists. 
Probably the chief purpose of education is the train- 
ing and discipline of the intelligence, and by intelligence 
I refer to those inherent qualities of mind that are 
used in thinking. Of the various factors that enter 
into clear thinking two seem to be of primary im- 
portance. One of these is observational skill, which 
depends upon sufficient power of concentration to re- 
tain and appreciate in a precise and accurate manner 
the facts, details, and ideas that reach the brain through 
the senses. As this involves the ability to concentrate, 
it is probably related to accurate memory. The other 
is the quality of orderliness, the possession of which 


* Contribution to the symposium on The Rodle of Chemistry 
in Education, conducted jointly by Section C (Chemistry) and 
Section Q (Education) of the American Association for the Ad- 
vancement of Science, Pittsburgh, Dec. 27, 1934. 


permits the orderly arranging and cataloging of facts 
and ideas in the mind. This is probably the basis of 
analytical reasoning, which depends upon clarity and 
neatness of thinking. These two factors are the chief 
elements in what is known as the ‘‘scientific method 
of thought,”’ which by the way is not peculiar to science 
but is the form and method of all clear thinking. It 
consists chiefly of a precise selection of primary facts 
and ideas and then an orderly marshaling of them in a 
logical sequence. 

It is my purpose to attempt to show that the subject 
of chemistry is an exceptionally good medium for 
training in these qualities and, in addition, in some 
other qualities such as a usable imagination, manual 
skill, ete. What I shall say will naturally apply in 
many respects to the other branches of science, but in 
some respects the subject of chemistry is superior as a 
training medium. 

As chemistry deals with all the substances in the 
universe and their relationships and interconversions, 
whether these be living or lifeless, naturally found or 
manufactured, near at hand or in some far-away star, 
the thought processes used on them involve all that is 
contained in materialistic logic. The materials dealt 
with are concrete substances, which, in the gross, are 
readily observed by our senses; and the results of the 
mental processes used in dealing with them can be 
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demonstrated by experiment. Keenness of observation 
is necessary not only for the research scientist but also 
for the elementary student. The subject matter is 
enormous and of great diversity, which necessitates an 
orderliness of mind to deal with it adequately. Both 
qualitative and quantitative methods of reasoning are 
required. The former involves the element of judg- 
ment and the careful selection of facts, and the latter, 
mathematical precision in the mental analysis. The 
theoretical treatments, to which even the elementary 
student is subjected, involve considerable power of 
imagination, as the ultimate particles of matter with 
which these theories deal, 7. e., atoms, molecules, ions, 
and electrons (to say nothing of neutrons, photons, etc., 
which have not yet reached the elementary texts) are 
not of sufficient size to be impressed upon our unaided 
senses. Such a wealth of mental processes and quali- 
ties of mind required for the subject make it eminently 
suitable as a training medium. 

The teaching of the subject of chemistry depends, to a 
large measure, on the student’s observation of the re- 
sults of experiments, whether these be performed by 
the student himself or by the teacher in demonstration. 
The student needs keenness, both in qualitative ob- 
servation in determining what has happened and in 
quantitative observation in ascertaining how much has 
occurred, and these qualities are developed by re- 
peated use. The observation of all the various proper- 
ties of matter that undergo changes in chemical trans- 
formations calls into play the various senses, and these 
become more skilled in ability to differentiate through 
such use. Color changes, odors, taste, temperature 
changes, variations in shape and size, etc., are involved. 
Sometimes these are observed by the unaided senses and 
at other times by the use of a variety of instruments. I 
have heard the story that a certain graduate student in 
another branch of learning set out in a research in- 
vestigation to show that human beings had little 
power of distinguishing between different odors. Un- 
fortunately for him, he made a study of research work- 
ers in organic chemistry and found that the original 
hypothesis was incorrect, when the olfactory sense 
has been developed by use, as it is in organic chemistry. 
We all know that as a student studies more and more 
chemistry his power of observation increases with 
the training, and his ability to distinguish improves. 
In research work we frequently speak of the trained 
observer, and by that imply a considerable difference 
between the trained and untrained. 

It is not the soundness of the organs of sense that is 
chiefly responsible for keenness of observation. The 
same impressions are made on the sense organs of two 
students watching the same experiment, but the one 
whose power of concentration is trained will gather 
much more information from the experiment and will 
appreciate it better. 

There can be little doubt that observational skill is 
of general educational value. That this involves 
concentration on and appreciation of the sense impres- 
sions is also, I believe, generally accepted. The full- 
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ness of life depends to a great degree not on the number 
of years lived but on the appreciation and retention of 
the information obtained through sense impressions. 
That training in observation along one line is of value 
in a different type of work is generally recognized by 
scientific workers. If this is true, the observational 
training given in chemistry, with its great diversity and 
the basic part that it plays in teaching the subject, is of 
unusual value in general education. 

In order to make use of the great array of facts and 
details that are observed about matter in the study of 
chemistry, it is necessary that these be arranged and 
classified mentally in an orderly fashion. This calls 
into play an orderliness of mind. Clearness of thought 
is essentially orderly thinking; and as there is no 
fundamental difference between one array of facts and 
another or the methods of classifying them, training 
in these methods should be applicable to any subject 
matter. In chemistry a great variety of methods of 
classification is used, such as those of physical proper- 
ties, use, structure, etc. Qualitative methods of group- 
ing are sometimes employed, for example, those de- 
pending upon odor, taste, physical state, or whether it 
reacts as an acid, base, etc. More frequently, how- 
ever, quantitative arrangements are required, which 
demand precision of observation and accuracy of 
selection. In the subject of chemistry from the most 
elementary courses onward precise observations and 
precise thinking about them are greatly stressed. The 
emphasis placed upon these is one of the important 
tasks of the teacher of chemistry and should result in 
some improvement in the precision of thinking of the 
student. That this is true is partially demonstrated by 
the fact that students that have training on one branch 
of science are preferred students for some other branch, 
despite the great difference in subject matter in the 
different branches. Chemistry with its great range 
of methods of classification and its insistence on orderly 
and precise thinking offers an excellent means of train- 
ing in these qualities. 

In life’s problems there is ever present a great mass 
of detailed information, most of which is irrelevant to 
the solution of the problem at hand. The proper 
selection of pertinent data requires the use of judg- 
ment. Even the most elementary student in the chemi- 
cal laboratory is surrounded by a mass of observational 
facts, details, and theories; and training is given in 
the proper selection from these for the explanations and 
desired results of the experiment. The explanation of 
unexpected results, which are frequently obtained, de- 
mands even greater skill than the expected. The 
training in this- matter of judgment becomes one of 
the tasks of the teacher of chemistry; and consider- 
able progress in this direction can be noticed, as the 
student progresses in his work. The mere memoriz- 
ing of material from a textbook without the use of 
thought on the subject avails the student of chemistry 
but little. 

Analytical reasoning consists of keenness of observa- 
tion, concentration on the subject at hand, orderly 
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arrangement, and a careful selection of the data, 
combined with logical treatment leading to a conclu- 
sion. This is of constant use in chemistry, and the 
student is trained from the first in it. This training 
is particularly good, for the original data consist of 
facts that the student is made to observe; and the 
results of the logical processes are demonstrable by 
experiment. Such concrete examples of the power 
of analytical reasoning produce an enthusiasm for it, 
which greatly facilitates training. The constant em- 
phasis on correct deduction and the numerous illus- 
trations of the value of its use force the student to 
obtain an appreciation of it. As it is applied in chemis- 
try not only to theoretical considerations but also 
to a great variety of facts of everyday experience, the 
student becomes accustomed to think logically about 
material things. Such training is invaluable in our 
modern materialistic world. It supplies a basis for the 
use of thought processes in place of purely emotional 
reactions and tends toward confidence in thinking 
rather than the acceptance of the word of authority. 

The expression ‘‘the scientific method of thought” 
merely signifies that clear, precise, and logical thinking 
is used in scientific pursuits. The same factors are 


involved and the same methods employed in any 
thought processes on any subject matter, and any 
person receiving training in these methods should be 
considerably benefited. Perhaps the ways of reasoning 
used in science are more impersonal, are less influenced 
by traditional methods, and contain less of emotional 


responses than the usual thought processes in other 
lines. This may be because science deals with imper- 
sonal material things; but the training given in separat- 
ing emotion, tradition, and personal feelings from the 
thinking processes should be of considerable value. 
The subject of chemistry is rich in this type of training. 

In all creative work there is a factor in addition to 
analytical thinking. This is a sort of ‘usable imagina- 
tion.” Creative accomplishments are probably the 
most valued of all of man’s numerous activities, for 
they add to the wealth of the race, in culture, in mate- 
rial benefits, and in knowledge to a greater degree than 
does any other single activity. They also give to the 
individual the most extreme satisfaction; for example, 
witness the pride one takes in even a minor creative 
product, such as a mechanical invention, a bit of writ- 
ing, or a piece of lace. Whereas, a creative imagina- 
tion might be considered a talent or gift, nevertheless 
its training would be of great value. Despite the fact 
that chemistry may popularly be considered cold and 
unimaginative, even that portion with which the 
elementary student comes in contact contains much 
that is purely imaginative. It might be of interest, in 
passing, to note that many of our better known chem- 
ists have as avocations, poetry, literature, music, or 
art; and their accomplishments in these lines are fre- 
quently of high order. All the theoretical treatments 
in chemistry deal with bodies and particles. that are 
imaginative although not fantastical, and both the 
creation and use of these theories require consider- 


463 


able use of the imagination. The teacher of chemis- 
try has considerable difficulty in getting the beginning 
student to use his imagination on these matters and is 
continually drilling on its use. This is one of the rea- 
sons why the subject of chemistry is considered difficult 
by some students; but because of it, it possesses a 
superior training value. 

I wish to be so bold as to state that I believe I can 
discover as much (or more) about a student’s personal- 
ity and mental qualities by watching him work in the 
laboratory for a short time, as I can by hours of con- 
versation. There seems to be a certain correlation 
between the way he does things physically and the 
way he thinks. For example, it is frequently said that a 
messy desk indicates a messy mind, while an orderly 
desk indicates an orderly mind. Laboratory work in 
chemistry requires much more than mere manual dex- 
terity applied to tasks in which this has been developed 
by repetition. Mental direction is required for every 
one of the manual operations. The success of much 
of the experimental work depends upon orderliness, 
neatness, and intelligent direction. Practically every 
manual skill known to man is drawn upon in the chemi- 
cal research laboratory. The range extends from the 
heaviest machine to the finest and most delicate of 
precision instruments. Every known material of 
construction is made use of. Temperatures and 
pressures from the lowest to the highest obtainable 
are employed. Mechanical, electrical, and magnetic 
machines and instruments are used in all varieties and 
sizes; and if a proper one for the particular work cannot 
be found, it is invented. The skilled research chemist is 
at home in a great variety of manual skills from the 
blowing of glass to the running of a lathe, and his 
versatility is indicated by the ease with which he de- 
velops new manual skills. He will successfully attempt 
and complete tasks.involving operations with which he 
is completely unfamiliar. Even the elementary stu- 
dent is trained in a considerable variety of manual 
tasks, and his manual skill and dexterity are developed 
by this training. That the use of the hands plays a 
very important part in the life of all individuals cannot 
be disputed; and the discipline of the hands, especially 
where mental direction is required, should be of un- 
disputed educational value. The chemical laboratory 
is an excellent place for such discipline, for the manual 
tasks required are not valued for themselves alone but as 
a means for accomplishing some experimental or 
theoretical result. The means is thereby provided 
for stimulating interest, for many people are not greatly 
interested in performing a manual task without some 
additional incentive. 

The chemical laboratory also serves in another educa- 
tional capacity. The opportunity is presented for the 
employment of Socratic method, a superior way of 
teaching. The teacher and student come in close 
contact, and by the use of question and answer the 
student can be directed to apply his mental effort to his 
work. The stimulation and mental training thus 
produced are probably unexcelled. 
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Scientific studies in general and chemistry in par- 
ticular tend greatly to strengthen character. Dis- 
honesty and falseness are not tolerated and in addition 
are readily detected. It requires stamina and per- 
severance for the elementary student to perform his 
assigned tasks in the chemical laboratory. He is en- 
couraged in the development of these important per- 
sonal qualities. Cleanliness and neatness are also 
important factors in successful laboratory work, and 
the teacher usually insists upon them. Surely a very 
considerable general educational value is obtained in a 
course that gives training along these lines. 

There may be some question in your minds as to 
whether or not the teaching of elementary and ad- 
vanced chemistry comes up to the standards that I 
have indicated. The possibilities are there; and if 
they are not developed, it is evident that the teacher is 
inadequately trained in chemistry. A person only 
superficially acquainted with the subject cannot present 
it in the manner I have described. Only teachers with 
adequate training in the subject will have sufficient 
understanding and appreciation of it and its possibilities 
to use it as the superior training medium which it un- 
doubtedly is. 

To summarize some of the points mentioned I will 
state that the teacher of elementary chemistry is con- 
fronted with two major difficulties. The students com- 
ing to him lack in general two important qualities. 
The first lack is that of definiteness and precision, 
in reading, observation, and expression; and the second 
is that of facility in the use of even the simplest of 
logical processes. We commonly express this by 
saying that they cannot read nor use arithmetic. A 
considerable portion of the teacher’s effort is spent not 
on the subject of chemistry but on an attempt to de- 
velop these important qualities. There is a certain 
vagueness and indefiniteness about both their reading 
and expression. They will read a question and obtain 
a vague idea to what it refers, and they will write a 
story about it without saying definitely anything of 
value. They prefer to use a mathematical expression 
as a sort of mental crutch rather than go through the 
logical mental processes. The overcoming of these 
difficulties is the unique task of the teacher of chemistry, 
and he has an ideal medium for doing it. I have fre- 
quently stated and demonstrated that the difficulties a 
student often has with an examination come not from 
a lack of knowledge of the subject matter but from an 
inability to read the question and appreciate exactly 
what it means. Once he can interpret it, he usually 
can answer it, for his previous training has been almost 
exclusively memory training, so that he will have re- 
membered the facts required without any particular 
effort. If the student has been trained to think clearly, 
logically, and definitely before starting chemistry, 
the work of the chemistry teacher is greatly simplified. 
As many of the students are not so trained and these 
qualities are especially required in the subject, it 
becomes necessary for the teacher of chemistry to drill 
along these lines. By so doing he, perhaps, does the 
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student a greater service than he could by imbuing him 
with any amount of chemical factual material. 

I have assumed throughout this discussion that there 
is a very definite and important “carry-over” value in 
mental discipline. I recognize that this is a con- 
troversial matter. Scientists in general believe that 
there is, and a fairly strong argument in its favor 
can be presented. In physical things, such as ath- 
letics, we recognize that training in one technic is of 
value in the learning and performance in another. The 
professional boxer trains by running, jumping rope, 
playing ball, etc. If this is true for the use of the 
muscles, why should it not also be true for the mind? 
Manual dexterity developed in connection with one 
technic is of definite value on another. A person 
learns a third or fourth language more easily than the 
second. As the mental qualities and methods applied 
to one subject matter are very much the same as those 
applied to any other, it seems reasonable to expect 
that the development, training, and discipline of these 
qualities and methods would be of the utmost general 
value. 

I have been told that there are tests which tend to 
prove that there is no “‘carry-over”’ value of the mental 
qualities developed on one subject matter to another. 
I believe that the scientist is apt to question any such 
tests, at least any that I have had the good fortune to 
investigate. The ability to handle a problem involving 
a subject matter, about which the student has had no 
previous knowledge, would seem to me to be a rather 
good test of mental quality. I would like to see a test 
developed which would give definite problems involv- 
ing logical thought processes on a subject matter that 
has been invented purely imaginatively for the pur- 
pose of the test and about which no one could have any 
previous knowledge. Considerable data, much more 
than required for the solution of the problems, could 
be presented so that the student’s ability to judge 
pertinent facts could also be ascertained. Scientists 
would, I believe, have confidence in tests made in this 
manner; and I would welcome their use in deter- 
mining the training value of courses in chemistry. 

The facts and details presented in any course of study 
are retained but a short time after the completion of 
the course. An examination given on the factual 
material of any course five years after its completion 
will always show that most of the facts have been lost. 
This demonstrates clearly that they have but little 
permanent value. Any facts required for any future 
work are obtained when needed. If, then, there is 
any permanent value in a course, it is the development 
and training of mental and manual qualities and 
methods. If these are of value only on the particular 
academic subject matter, they also are of but little 
importance in general education. It seems, there- 
fore, that the only considerable value that school 
courses can have is the general mental and manual 
discipline. If there is no “carry-over’’ value to this 
training and discipline, there is no general value to 
education itself. 
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ET us next consider the question which logically 
L is prior to the one just discussed—that is: ‘How 
near does the accepted notation come to identify- 
ing the compound formulated?’ Here organic chem- 
istry has scored one of the greatest of scientific tri- 
umphs; the rest of the present lecture will be devoted 
to this question and to the subsidiary problems involved. 
However, it should be noted at once that the two 
functions of formulas, first the unique identification of 
compounds and second the recording and predicting 
of reactions and properties, are intimately connected. 
If the only object in view were identification, then it 
would be sufficient to establish an International 
Bureau of New Compounds. Every one who synthe- 
sized a new substance would send in a sample of his 
material for enumeration. Aniline, for example, might 
be given the number 645, and, as no other compound 
would be associated with the same integer, the charac- 
terization would be unique. Such a purely formal (not 
to say irrational) solution of the identification problem 
would, however, be of no use save for the construction of 
handbooks. The great feat performed by organic 
chemists has been the development of the structural 
theory so that, without losing its limited but invaluable 
usefulness as a descriptive system, it has become a 
magnificent scheme for identifying pure substances. 
The purpose has been to provide just one formula 
for each distinct compound. Obviously, it would be 
futile to discuss the adequacy of the system adopted 
without first clearly stating what is meant by the as- 
sertion that two specimens are samples of the same pure 
substance. This statement is by no means easy. In 
the first place, pure substances are not objects of ex- 
periment but ideal limits to series of purification opera- 
tions. However, the difficulties in purification (as 
usually understood) will be passed over without com- 
ment because they are apt to be highly specific. But 
when the ordinary processes of purification are supposed 
to have been completed, and an ideally pure sample 
obtained, there is still an open question as to what is 
meant by the word pure. 


* Introductory lecture of a series dealing with organic chem- 
istry in the light of present-day physical and chemical theories, 
delivered at The University of Chicago during the summer quar- 
ter of 1934. (June 19th.) Although the lecture as delivered is 
a coherent whole, it seemed necessary, because of its length, to 
divide it into two parts for publication. The first part appeared 
in the preceding number. 


Let such an ideal purification be imagined to have 
been performed on a sample of ethylene. Every mole- 
cule of ethane, of methane, of water, etc., has been re- 
moved from the gas. It may further be supposed that 
ethylene is thermodynamically so stable that within a 
year not a single molecule in the sample decomposes 
spontaneously. The ethylene is now pure, even if the 
word pure is used in a sense far stronger than is cus- 
tomary in the most refined laboratory practice. Does 
the statement that the given sample of ethylene is 
perfectly pure imply that in that sample every molecule 
is chemically identical with every other molecule at the 
same moment? By no means. Whatever may have 
been the early views on this subject, physical chemists 
have long since put an end to such an illusion. A 
great volume of evidence shows that in any pure sample 
the molecules may exist in a variety (sometimes a very 
great variety) of states of activation. 

The structural system (with its subsequent modifica- 
tions) identifies so-called pure substances. But since 
these pure substances contain molecules in various ac- 
tivated states, the theory obviously recognizes certain 
types of difference between molecules and neglects 
others. If a mathematical theory were at issue, it 
would be necessary to define precisely the differences 
recognized, as distinguished from those neglected. But 
in view of the approximate nature of all experimental 
science, it is hardly to be hoped that a definition can be 
drawn which shall be unambiguous wherever applied. 
If a definition can be found which is almost always 
clear, and which permits the few borderline cases to be 
satisfactorily treated by plausible considerations of 
analogy, that is as much as can reasonably be expected. 
The matter of such a definition will be taken up 
shortly. 

Before treating this question, however, it is well to 
consider a certain kind of objection occasionally heard. 
“The structural theory with its modifications,’’ say the 
objectors, ‘‘admittedly recognizes certain types of dif- 
ference between molecules and neglects certain other 
types. But since the distinction between these types 
is based only on considerations of laboratory conven- 
ience, the whole system is nothing but terminology. 
As commonly stated, there are two and only two bu- 
tanes. Certainly this number is correct, if certain 
differences between butane molecules are regarded and 
others disregarded. But if the differences to be re- 
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garded had been otherwise chosen, there would be x 
kinds of butane. The statement that there are (in the 
structural sense) just two distinct butanes has no more 
scientific significance than the statement that there are 
just three feet in a yard.”’ 

Various considerations may be urged in reply to the 
foregoing argument. The first is that it proves too 
much. The objection raised is valid not only as against 
the present structural system but as against every 
system which could be devised. Any other choice of 
distinctions to be recognized would probably be no less 
arbitrary than the one now made by organic chemists. 
If some one were foolish enough to attempt a system 
recognizing all distinctions, it would be sufficient to 
remind him that he could admit only those known in 
his own day, and that he must necessarily exclude all 
those not yet discovered. His scheme intended to 
eliminate the arbitrary element in the structural theory 
would, in fact, amount to adopting the momentary 
state of chemistry as a standard—an assumption far 
more capricious than any present canon of organic 
chemistry. 

In the second place, the criteria of discrimination 
adopted by organic chemists, though to some extent 
arbitrary, do in fact lead to a self-coherent system, in- 
cluding a huge variety of cases. So that, even if no 
final significance is claimed for them, they are neverthe- 
less highly useful, and should not be discarded until the 
new criteria suggested are proved to serve wider pur- 
poses. 

And lastly, (so far as I know) all the proposals yet 
made for replacing the current organic criteria are of 
one kind. They imply the consideration of differ- 
ences finer than those which organic chemistry now 
recognizes. It is of prime importance that they do not 
blur any present distinction. Physical chemists (I be- 
lieve) would assert that both ortho and meta dibromo- 
benzol exist in a variety of forms. No one claims that 
there exists a large number of intermediate compounds 
going so gradually from ortho to meta that the location 
of the dividing line between these two becomes a mere 
matter of taste, in regard to which unanimity is not to 
be expected. As long as there is no evidence of such 
intermediate forms, structural theory is safe. Even 
if it is replaced by some scheme of finer discrimination, 
the present single substance will merely become a class 
of closely related varieties, and the properties now re- 
garded as those of a single compound will then be the 
defining properties of that class. Such a change will 
be a refinement, not an abandonment, of the present 
system. 

What then is the classical criterion of discrimination 
used by organic chemists? Almost always it is sepa- 
rability. Ifasample of a given material can be divided 
by physical means into two spatially separated por- 
tions such that some property of one differs (at least 
temporarily) from the corresponding property of the 
other, then the original material consists of at least 
two distinct compounds. If the sample cannot be so 
divided, only one compound is present. But, as pre- 
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viously stated, no perfectly clear-cut distinction is to 
be hoped for, and certain tautomeric mixtures are ob- 
vious exceptions to the rule just given. Such sub- 
stances will be discussed later. 

More important than this matter of tautomerism is 
the difficulty introduced by the temporary nature of the 
required separation. How long must a compound 
maintain its existence before it attains the dignity of 
recognition as a pure substance under the structural 
scheme? The band spectrum experts talk familiarly 
of a variety of substances which make no pretence of 
conforming to the structural postulates. It is said that 
methyl decays with a half period of about one thou- 
sandth of a second—not a very long-lived compound 
compared (say) to methane, but a very Methuselah 
compared to some of the radioactive isotopes. If 
methyl with a half period of about one-thousandth of a 
second is excluded, why admit some other substance 
with a half period of one second, or a third with a half 
period of one hour? And if these are excluded, why 
admit the existence of two enantiomorphic compounds 
whose half period of racemization is twenty minutes? 

Such questions can be asked easily enough, but no 
rational answer to them can be given. Logically con- 
sidered, uncertainties like these knock the ground from 
under the theories on which organic chemistry is based. 
Some day they may be of great importance; now they 
have little practical bearing on the situation. Ours is 
a curiously constructed world. Most of the substances 
commonly called organic are thermodynamically un- 
stable, but their rates of decomposition are exceedingly 
slow. In stars, in electric arcs, in flames, even in highly 
heated tubes, occur a variety of substances not con- 
templated by the structural scheme. Their molecules 
are very short-lived. Between these two thickly oc- 
cupied territories lies a region which is either unin- 
habited or else (so far as known) very sparsely popu- 
lated. No one can trace with certainty the exact 
boundaries of this no man’s land; but given a particular 
substance, there is seldom any doubt on which side of 
the desert it belongs. Over one of the well-populated 
regions the structural system rules supreme. It does 
not and never has attempted to extend its jurisdiction 
to the other inhabited district. Perhaps there have 
recently been discovered a few of the scattered half- 
breeds whose home may be somewhere in the interme- 
diate zone; but it is still too soon to be certain. All 
that can be done at present is to keep a sharp eye on 
these suspected individuals and to hope that, as their 
habits become better known, means may be found of 
annexing their territory to one or the other of the law- 
abiding regions. 

Certain other limitations on the structural theory 
have already been referred to. Its formulas are formu- 
las of compounds in the fluid states. They take no 
account of what is known as “physical isomerism.” 
But even in the fluid states, there is one type of relation 
between portions of molecules which falls outside the 
scope of the system. Adjacency or non-adjacency (and 
the structural theory in its primitive form deals only 
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with these) cannot be associated with every pair of 
atoms in the molecule, but only with those, the members 
of which are not separated by electrolytic dissociation. 
To ask whether, in dissolved tetramethyl-ammonium 
chloride, the chlorine atom comes next to an atom of 
carbon or next to the atom of nitrogen, to inquire 
whether in dissolved sodium cyanide the sodium 
atom is adjacent to the carbon or the nitrogen atom is 
futile. Between any two atoms belonging to different 
ions there is no structural relation. It is perfectly 
sensible to speak of the structure of an ion of a disso- 
ciated molecule; to speak of the structure of the dis- 
sociated molecule is either to talk nonsense or to com- 
mit a fallacy of equivocation. 

There has long been an open question whether the 
two types of relation mentioned are not merely limit- 
ing cases, and whether there may not be many inter- 
mediate varieties. Moreover, some compounds dis- 
sociate in certain solvents but not in others. Here 
also, no precise definition is forthcoming, and again the 
lack of a perfectly clear-cut distinction has not actually 
been as fatal to the development of a useful system as 
might on logical grounds be expected. In regard to 
the great majority of atomic pairs, under given condi- 
tions, there can be little doubt as to whether or not con- 
siderations of adjacency may be properly applied. 
The rare borderline cases, although they may raise some 
puzzling questions, have not thrown the whole system 
into confusion. 

Electrolytic dissociation has in the past been the 
chief basis for the distinction between the two types 
discussed. But recently the discovery of heavy hy- 
drogen has suggested another criterion. According to 
the new test, the relation between the hydrogen and 
oxygen atoms in hydroxyl groups (those of glucose for 
example) resembles that between the hydrogen and 
oxygen atoms in carboxyl groups far more closely than 
had previously been supposed. I am inclined to predict 
that, if heavy water is ever made cheaply enough, this 
new test for the relation which has nothing to do with 
adjacency may supersede the old one. Such a change 
will necessitate considerable alteration in the verbiage 
of organic chemists but, so far as can now be seen, will re- 
quire little reform in their fundamental theory. The 
word ion may lose its significance as one of the products 
of electrolytic dissociation and may refer merely to that 
portion of the molecule which remains unaltered when 
the substance is dissolved in heavy water. The custom 
will then (perhaps) be to speak in the structural sense 
of the CsH;O, ion rather than of the glucose molecule. 
In my opinion such a change should be welcomed by 
organic chemists. They would be indebted once more 
to their physico-chemical brethren for valuable aid. 

Again the vexing question of reaction rate arises. 
Perhaps even ordinary methane becomes heavy meth- 
ane if dissolved in heavy water long enough. But I 
anticipate that reactions with heavy water will also 
fall into two fairly distinct groups. Some will be so 
slow that they may be neglected; others will be prac- 
tically complete within a short time. Instances be- 
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tween these limits should be rare. My belief is that 
structural organic chemistry is not destined. to founder 
on the rock of heavy hydrogen. 

To sum up, the limitations on the structural theory 
are as follows: 


(1) It does not attempt to cover those short-lived 
species of molecule, beloved of the spectroscop- 
ist, which are said to occur in stars, electric arcs, 
and other similar environments. 

(2) It takes no account of distinctions between com- 
pounds which refer only to the solid state. 

(3) As applied to the fluid states, it gives the struc- 
ture of undissociated molecules and the structure 
of the ions of dissociated molecules. 

(4) It does not claim that its standards of discrimina- 
tion are the finest possible. Its modest aims are 
utility and self-coherence. What it today calls a 
pure substance may perhaps some day be known 
as a class of closely related compounds, but there 
is no evidence to indicate that any distinction it 
now recognizes will be forgotten. 


Within the limits stated, how close have organic chem- 
ists come to devising a system which uniquely identifies 
every pure compound, without sacrificing the descrip- 
tive value of the symbols used? In my opinion their 
success has been marvelous. By a series of not too 
complicated modifications, the primitive scheme has 
been developed into a wonderfully precise code. The 
rest of this lecture will be devoted to these developments. 

The system at which organic chemists have aimed is 
comparable to a set of pigeon holes intended to corre- 
spond in one-to-one fashion with all possible pure sub- 
stances. A scheme of this sort may prove defective in 
various ways. For instance: 


(1) It may provide pigeon holes for which no com- 
pound can be prepared. 

(2) There may occur substances which cannot be 
shown by separation to be mixtures, but which, 
nevertheless, seem entitled to occupy more than 
one pigeon hole. 

(3) There may occur distinct substances which ap- 
pear to belong in the same pigeon hole. 


As a matter of fact, the primitive system has occa- 
sionally failed in each of these respects, and the modi- 
fications which have been invented to remedy its fail- 
ures remain to be considered. 

In the first place, many compounds foreseen by the 
structural theory have not yet been prepared. In so 
far as such compounds are merely those which no doubt 
could easily be made, if anyone had any interest in 
making them, they require little comment. Nobody 
would expect a mathematical theory (and as a topologi- 
cal system the structural theory is mathematical) to 
foretell what will interest scientists. Almost always 
the assumptions have some consequences which no one 
considers worth investigation. Discrepancies of this 
sort cannot reasonably be regarded as blemishes on the 
theory in question. 
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But the structural theory predicts many compounds 
as yet unmade about which far graver doubts arise. 
A recent computation shows that, according to this 
theory, there ought to be about 62.5 X 10’ distinct 
substances of formula CyoHg. Does such a prediction 
mean anything, and if so what? In my opinion it 
means little or nothing. Conceivably, if chemists were 
all to go crazy and devote their entire attention to the 
preparation of tetrakontanes, their working hours in 
the course of one hundred thousand years might be 
sufficient to make the required number of substances. 
Passing over the ludicrous discrepancy between the 
magnitude of the effort and the value of the result, let 
us suppose these 62.5 X 10'? substances to have been 
prepared, each in a pure state. How could one struc- 
tural formula be assigned to any given sample? It is 
very doubtful whether discriminatory tests sufficient 
to identify each particular substance could be devised. 
And if such were the fact, then the statement (based on 
structural theory) that there are 62.5 X 10! distinct 
tetrakontanes would not correspond to any “‘operational 
concept”’ in the sense in which Bridgman uses that term. 

Although this conclusion may be unsatisfactory, it 
should not surprise any thoughtful chemist. Opera- 
tional concepts fit experimental results within limited 
regions. Out toward the border line of experience they 
can be applied only if bolstered up by independent as- 
sumptions of a doubtful nature; always they tend to 
become, as Bridgman says, vague and indefinite. Ap- 
parently the human mind is incapable of devising opera- 
tional concepts which are not subject to such limita- 
tions; hence, inevitably, the structural theory, if 
pushed far enough, should eventually begin to give 
bizarre predictions. There is no sharp line to be drawn 
about the region where it is useful. Over a certain 
range its dicta are completely verifiable; beyond this 
range they become only partially verifiable and are 
thus merely expressions of probability; still further 
out they lose nearly all or all of their significance. I 
interpret the isomer number 62.5 X 10!” to mean that 
the tetrakontanes lie outside the region in which the 
structural theory corresponds to known discriminatory 
laboratory technics. Here the concept ‘‘pure sub- 
stance’’ becomes so vague that the structural theory as 
an enumerative system ceases to apply. 

But long before the isomer numbers attain astro- 
nomic magnitudes, the structural theory begins to pre- 
dict compounds which cannot be made. For example, 
admitting that carbon is quadrivalent and hydrogen uni- 
valent, there should be ten distinct hydrocarbons of the 
formula C,H,. Of these, only one is listed in the latest 
edition of Beilstein, and attempts to prepare some of 
the others have failed. Since the structural theory, 
unsupported by subsidiary hypotheses, asserts nothing 
about the relative stability of the compounds satisfying 
its postulates, it does not indicate why chemists should 
have succeeded in preparing only one out of ten of the 
substances in question. 

In the development of a science, this sort of discrep- 
ancy between theory and experiment frequently ap- 
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pears, and the device used to bridge the gap is almost 
always the same. For instance, the spectroscopists 
have a primary theory which calls for the appearance 
of certain spectrum lines. Since they fail to find some 
of these, they introduce subsidiary theories known as 
“exclusion principles’ which account for the non- 
occurrence of the lines originally predicted but not ac- 
tually observed. 

The chief exclusion principle of organic chemistry 
usually goes by the name of the Baeyer strain theory. 
In the course of years, however, the original ideas of 
von Baeyer have been so extensively modified that to 
continue to call the modern doctrine by his name is 
scarcely appropriate. Passing over the rather naive 
form of theory originally proposed, let us at once con- 
sider the modern form which includes the modifica- 
tions introduced by Sachse, Mohr, and others. It is 
based on the tetrahedron hypothesis of van’t Hoff and 
assumes the validity of the straight line as a symbol for 
valence. Normally, the angle between two single va- 
lences of one carbon atom should be the tetrahedral 
angle. The more the straight line valences are forced 
by ring formation to depart from this normal angle, the 
greater the strain and the more unstable the molecule. 

This theory fails in several ways to meet the demands 
which might be made of an ideal exclusion principle. 
In the first place, it never gives a clear-cut, yes or no, 
answer to the question “Can a compound of given 
structural formula be prepared?’ It merely asserts 
that the greater the strain in the model, the less stable 
will the molecule be. Just where this instability be- 
comes so great that the substance decomposes too 
rapidly to be identified is not indicated. Obviously, so 
long as no exact stipulation is made about the length of 
time a compound must persist in order to be classed as 
a distinct substance under the structural enumeration 
scheme, no more precise result can be expected from 
any exclusion principle. 

But even with an exact time requirement, the strain 
theory would be at best an approximation. The sum 
of the divergences from the tetrahedral angle in the 
ordinary model is not a precise measure of molecular 
instability. If it were, cyclopropane and a,a-dimethyl 
cyclopropane should have exactly the same stability. 
They certainly do not. Attempts have been made to 
alter the molecular models so as to account for such 
differences, but no suggestion along this line has yet 
been generally accepted. 

Another defect in the strain theory is that it cannot 
well be applied to double and triple bonds. There come 
out of it a few rules of limited usefulness like the one 
of Bredt about double bonds which end in “‘bridge- 
head”’ carbon atoms; but no attempt at a general 
correlation between the strain in models and the in- 
stability of compounds containing double or triple 
bonds has yet (so far as I know) met with success. 

Furthermore, the strain theory may easily be mis- 
applied. For a long time stability was assumed to be 
proportional to ease of preparation. This assumption 
was never justifiable and is today known to be false. 
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Cyclotriakontane (C3)H6o) is very difficult to make and 
exceedingly stable once it has been prepared. Equally 
unjustified, to my mind, is the assumption that strain 
in the model must correspond to an increase of the in- 
ternal energy of the substance as revealed by its heat 
of combustion. In at least one recent textbook of or- 
ganic chemistry, the exclusion principle aspect of the 
strain theory is relegated to second place, and the chief 
function of this theory is stated to be the elucidation of 
the data of thermochemistry. Seldom has there been 
a more unfortunate perversion of a useful idea. As an 
exclusion principle, the strain theory, with all its de- 
fects, is an invaluable adjunct to the structural scheme 
and is supported by a large amount of accepted fact. 
The observations connecting it with thermochemistry 
are few and of‘doubtful accuracy. To raise this (as 
yet minor) energy aspect of the strain theory to a posi- 
tien of chief importance is in my opinion a woeful con- 
fusion of values. 

What has been said shows that, useful as the strain 
theory is, its present state is not satisfactory. To a 
certain extent the situation may be improved by or- 
ganic chemists themselves. The strain of the strain 
theory is a strain in the model and not in the molecule. 
No doubt the strain in the model corresponds to some- 
thing in the molecule, but what that something is, or 
what may be the nature of the correspondence, is still 
very obscure. If organic chemists would bear these 
facts in mind they would less frequently make state- 
ments which tend to bewilder their fellow scientists. 

The chief need of the strain theory just at present is 
abstraction. It urgently requires to be stated in some 
way which eliminates the need to use balls and wires 
whenever a particular case is to be investigated. Once 
it has been recast into a form less apt than the present 
form to remind serious scientists of the nursery, it will 
probably begin to attract the interest of able thinkers 
who do not call themselves organic chemists. By way 
of prophecy, I venture to say that some day the wave 
mechanics experts will probably find the purified and 
abstracted theory a fruitful field for their efforts. I 
suspect that it will emerge from their hands as a theorem 
in the theory of groups. Once this stage has been 
reached, all necessity for mechanical models will of 
course have vanished. 

The second sort of discrepancy between the original 
structural theory and observed facts has to do with 
those compounds which, from their reactions, appear 
to occupy more than one pigeon hole in the enumerative 
system. The classic example of such a compound is 
acetoaceticester. From its reaction with phenyl hydra- 
z.ne, it would be judged to contain a carbonyl group; 
from its reaction with acetyl chloride, it would be judged 
to contain a hydroxyl group. These two findings are 
flatly contradictory since, from stoichiometric consid- 
erations, the compound cannot possibly contain both 
groupings. But investigation has shown that aceto- 
acetic ester, originally regarded as a single pure sub- 
stance, is in fact a mixture of an enol and a keto form. 
These are in very labile equilibrium with one another, 


but they can be separated at low temperatures. There 
exist, however, many other substances similar in be- 
havior to acetoacetic ester which have never yet been 
separated into distinct components. Such substances 
react with one set of reagents as though they had a 
given structure; with another set of reagents they re- 
act as though they had a structure incompatible with 
that indicated by the first set. 

The device by which this difficulty has been met is the 
well-known theory of tautomerism. The adequacy of 
this idea is beyond dispute; the only question is 
whether, by adopting it, organic chemists have not 
given up the whole structural theory. Obviously, such 
would be the fact if the idea were applied indiscrimi- 
nately. To work out a single satisfactory structural 
formula for what is apparently a pure compound is a 
task often of great difficulty. Frequently the first few 
items of evidence obtained appear to be contradictory. 
If under these circumstances organic chemists were to 
turn at once for relief to the principle of tautomerism, 
that principle would rapidly degenerate into a mere con- 
fession of failure, and structural chemistry would be- 
come a solemn farce. But, as a matter of fact, the 
idea has not been so abused. A very fair propor- 
tion of organic chemists have consciences. Before they 
take refuge in tautomerism they demand a close an- 
alogy between the substance under investigation and 
some other material which has actually been separated 
into two or more components. Of course opinions 
differ as to just how close such an analogy must be, but 
on the whole the principle of tautomerism has done 
much good and little harm. 

Certainly it would be a satisfaction to be able to show 
by methods beside that of chemical reactions the exist- 
ence of more than one component in those substances 
which are considered tautomeric. Any help from 
others that organic chemists might obtain in accom- 
plishing this aim would be gratefully received. But I 
doubt whether any new light thus thrown on the tau- 
tomeric substances will greatly alter the accepted 
views concerning them. 

The last class of cases where the unmodified struc- 
tural theory has failed to coincide with observation 
includes those sets of compounds, which, though they 
differ in their properties, and are sometimes easily 
separable, nevertheless appear to have the same struc- 
tural formulas. The scope of this lecture does not per- 
mit discussion of all the theory of stereochemistry which 
has to do with such substances; it is possible, however, 
to pick out, from this rather intricate body of doctrine, 
certain items for consideration. But before so doing, 
the meaning of the word stereochemistry must be 
defined. 

A well-known textbook on the subject opens with 
the sentence: ‘“‘Stereochemistry deals with those chemi- 
cal and physical phenomena which are believed to be 
caused by the relative positions in space taken up by 
atoms within a molecule.” This statement is to my 
mind pure metaphysics. I do not know whether or 
not atoms or molecules are localized in space; and even 
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supposing them to be so localized, I do not know that 
intramolecular space is Euclidean or even tri-dimen- 
sional. In fact, I am rather inclined to guess that it is 
neither. But if I will not accept the definitions of 
others, I ought in fairness to offer one of my own. This 
is not difficult to do explicitly, for implicitly I have 
given one already. I propose the following: ‘‘Stereo- 
chemical theory is a body of doctrine designed to sup- 
plement the structural theory and to make the pre- 
dictions of that theory accord better with observed 
facts. It concerns itself principally with those sets of 
distinct compounds the members of which (so far as 
known) possess the same structural formula; it at- 
tempts to identify and enumerate the members of such 
sets and to account for the differences in their proper- 
ties and reactions.’’ Please note, in this definition the 
word space does not appear atall. That the doctrines 
of stereochemistry have been cast in Euclidean mold is 
a significant historical fact. That this particular 
geometrical form of expression has many advantages 
in point of convenience would scarcely be denied by 
any reasonable person; but that it has any theoretical 
importance seems to me erroneous. If the word stereo- 
chemistry is applied literally as ‘‘space chemistry’ in 
the Euclidean sense, the subject, in my opinion, has no 
objective existence. 

There has recently been published in Germany a 
handbook the title of which is ‘‘Stereochemie.” It 
contains among other things large sections on X-ray 
crystallography, band spectra, Raman spectra, dipole 
moments, and the quantum mechanics of directed 
valence. Naturally I am not going to discuss such 
topics here, for according to my definition, their con- 
nection with stereochemistry is still remote. As a 
matter of fact, the theoretical framework of that sub- 
ject (in the sense defined) consists to this day chiefly of 
principles expressed in or implied by the work of van’t 
Hoff. The extensions (such as the one found by 
Werner) of his tetrahedron theory to other geometrical 
figures introduce no new principle. Within the last 
decade there has grown up a doctrine of impeded 
rotation which is really an addition to the theory, and 
cannot fairly be said to have its roots in van’t Hoff’s 
papers. Furthermore, there has been recently de- 
veloped a theory of optical rotation which, whether 
correct or not, has certainly led its authors to the first 
complete asymmetric synthesis. Otherwise, I know 
of nothing both new and important. 

Attention should be called to certain aspects of van’t 
Hoff’s work which are not usually stressed. Careful 
analysis reveals that his theory is geometrical only in 
name. The data on which its conclusions are based 
are pure numbers. The famous van’t Hoff tetrahe- 
dron is a configuration in the model and not in the 
molecule; but undoubtedly there is associated with the 
molecule something of unknown nature which corre- 
sponds in some unknown way to a geometrical con- 
figuration. For some years I have been trying to find 
out more about this unknown entity and its relation to 
the tri-dimensional figure. I am sure that I have not 
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fully solved the problem, but I believe that I have 
made some progress. As far as I can see, there is as- 
sociated with the molecule what the mathematicians 
call a permutation group, and its relation to the geomet- 
rical configuration is one of simple isomorphism. Un- 
less I am much mistaken, nearly all the predictions now 
made from geometrical models can be made by the 
appropriate use of these two highly abstract ideas 
which do not imply that the molecule has any particular 
shape, or that intramolecular space is either Euclidean 
or tri-dimensional. The conclusions now customarily 
drawn from the model which cannot. be drawn from the 
group coincide very closely with those conclusions which, 
on investigation, turn out to be erroneous, or at best 
fortuitously correct. Hence, if the group told nothing 
which the model does not, it would have at least the 
merit of keeping those who use it from talking a certain 
amount of nonsense. As Josh Billings said, “It is 
better not to know so much than to know so much that 
ain’t so.” 

So far, there have been mentioned a number of cases 
where chemists and physicists not trained in organic 
chemistry might render welcome assistance to the 
workers in that field. In connection with stereochem- 
istry, there are certain ways in which they can make 
themselves useful either by keeping their hands off, or 
else by avoiding the misuse of terms which they im- 
perfectly understand. As an illustration, I will narrate 
an incident which came to my attention not long ago. 

Van’t Hoff, in working out his theory, was led by the 
facts to introduce the doctrine of free rotation. If the 
two methyl groups in the model of ethane were rigidly 
fixed with respect to one another, there should exist at 
least three distinct forms of ethylene dibromide. Asa 
matter of fact, only one is known, and so van’t Hoff 
assumed that the two methyl groups are free to rotate 
about the line joining the carbon atoms. This assump- 
tion, extended to all single bonds in the models of all 
open chain molecules, brings the theory nicely into 
agreement with a vast amount of unquestioned fact. 
Clearly, the expression ‘free rotation’ is here used 
merely as a picturesque phrase in a statement about 
the non-existence of certain classes of isomers. The 
doctrine is an exclusion principle. 

Some time ago I met a physicist who told me that he 
had become interested in ethane, and that he proposed 
to investigate the infra-red spectrum of that substance 
to see whether he could identify the lines or bands 
corresponding to its free rotation. I told him that I 
considered his proposed experiments highly interesting 
and valuable; and I urged him to go ahead. But at 
the same time I warned him not to deceive himself as 
to the possible outcome. He might find the lines for 
which he was looking or he might not. Under no cir- 
cumstances could he prove anything about free rota- 
tion—unless he proposed to give that term a new mean- 
ing. The van’t Hoff doctrine of free rotation is a theory 
about isomer numbers and not about spectra. Where 
certain isomers are absent free rotation exists. The 
only way to disprove the free rotation is to make the 
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missing isomers. Spectroscopic data have nothing to 
do with the case. 

My physicist friend may indeed find in the spectrum 
of ethane lines or bands which can well be accounted 
for by something called (say) “free revolution” be- 
tween the methyl groups. Moreover, he may shrewdly 
suspect that the ‘‘free revolution” of the spectroscopist 
and the ‘‘free rotation” of the chemist are not entirely 
unconnected. If so, the relation between them will be 
of great interest. But to assume that the two notions 
are identical merely because they happen to use similar 
illustrative terminology would be ridiculous. 

Another instance of this sort of confusion of ideas 
may be illustrated by a twist given to one of van’t 
Hoff’s statements. When he was asked why he be- 
lieved that the.three hydrogen atoms of ammonia lie 
in a plane with the nitrogen atom, his answer was “‘Be- 
cause the amines with three different radicals attached 
to the nitrogen atom do not exist in enantiomorphic 
forms.” Recently the physical chemists have found 
that ammonia has a positive dipole moment. They 
deduce from this fact that the four atoms of the am- 
monia molecule cannot lie in one plane and declare that 
van’t Hoff was mistaken. Such a conclusion is a non 
sequitur. When van’t Hoff said ‘plane,’ he was re- 
ferring to isomer numbers. So far as I am aware, he 
had never heard of dipole moments. To prove that he 
was mistaken in his statement about the plane con- 
figuration of ammonia, it is necessary to make the iso- 
mers which he supposed not to exist. That the dipole 
moment experts and the stereochemists mean the same 
thing merely because they happen to express themselves 
by the same sound is a supposition too puerile for dis- 
cussion. 

It is easy to give other examples of such talking at 
cross purposes. When Werner used the word ‘‘octa- 
hedron,’”’ he had certain sets of isomer numbers in 
mind. To prove him in error, it must be shown either 
that his data were false or that his deductions were 
erroneous. All the X-ray diffraction pictures which can 
ever be accumulated are incapable of proving either of 
these contentions. Results obtained by such methods 
neither confirm nor refute the theorems of stereochem- 
istry. They are simply beside the point. 

It cannot be denied that much of the terminology of 
organic chemistry has not been very wisely chosen. 
Expressions have been employed which are subject to 
misinterpretation by outsiders. But physical chem- 
ists and others might well give their organic colleagues 
credit for at least common sense. When an ordinary 
word such as “‘plane”’ or “rotation” is used in a state- 
ment which sounds at first like utter nonsense, it is wise 
to pause before contradicting. If the user is a compe- 
tent scientist, he may well be employing the common 
term in a technical sense not at once apparent to the 
uninstructed hearer. Were some of the critics of or- 
ganic chemistry to bear such considerations in mind, 
much fruitless argument would be eliminated. 

But the best means to avoid futile wrangling is to 
divest the theories at issue of their picturesque garb 
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and to restate them in abstract form. In connection 
with this recommendation, let me say a word in favor 
of my own pet hobby, the theory of permutation 
groups. As long as primitive Euclidean notions about 
molecules and their configurations are adhered to, it is 
almost impossible to avoid disputes like the ones men- 
tioned. If the molecule is merely a reduced edition of 
the model, then it can have but one configuration. If 
two different configurations are found for the same mole- 
cule, one at least must be wrong. But once these 
Euclidean prejudices are discarded, most of the diffi- 
culties vanish. A particular group represents an as- 
pect of the molecule in question. The scientist inter- 
ested in a particular part of this molecule’s behavior 
finds the group connected with the phenomena which 
have engaged his attention. That some other worker 
interested in another aspect of the same molecule finds 
another group does not mean that either investigator 
is wrong, for one molecule may be associated in various 
ways with a number of distinct groups. 

In defense of this point of view I would call attention 
to the dilemma into which physics (and particularly 
optics) had got itself some thirty years ago. There 
were two conflicting sets of data in neither of which 
any error could be discovered. Then came the theory 
of relativity showing that the supposed contradiction 
was merely the result of a prejudice (which turned out 
to be a pure superstition) in favor of absolute time. 
Once this prejudice was laid aside, the contradiction 
disappeared. I have little doubt that a similar step 
would restore harmony between physical and organic 
chemistry at many of the points where they are now 
more or less at issue. Leaving out of consideration my 
own particular suggestions for the solution of some of 
these difficulties, I am confident that, if both parties to 
these disputes would restate their theories in more ab- 
stract form, it would at once appear either that they 
have not been talking about the same thing and hence 
have nothing to quarrel about, or else that they have 
merely been calling the same thing by different names, 
and have thus misunderstood one another. An abject 
surrender by either side would be harmful to all por- 
tions of the science. 

Reference has already been made to the modifica- 
tion in the doctrine of free rotatioh which has recently 
been introduced into stereochemistry, and which con- 
stitutes to my mind the most important addition made 
in that field to the theories of van’t Hoff. The origi- 
nal idea was that rotation was either entirely free, as in 
ethane, or else completely excluded, as in ethylene. 
There is now good reason to believe that perfectly free 
and completely excluded rotations are merely the 
terminal members of a series. In connection thiefly 
with the substitution derivatives of diphenyl and other 
compounds of similar structure, unexpected instances of 
isomerism have been found. These are well interpreted 
by the assumption that, in some of the substances men- 
tioned there occur intermediate forms of rotation 
which may be called partially impeded. Lack of time 
forbids entering into the details of the subject. Suffice 
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to say that prediction here accords less well than in 
other parts of organic chemistry with the numbers of 
observed isomers. But although the problems raised 
are grave, I am optimistic. The whole subject is not 
yet fifteen years old. Already much error has been 
eliminated and, even though the final solution may not 
yet be in sight, I believe that a satisfactory answer 
will be found. The progress, if not spectacular, is 
normal and healthy. 

The structural theory of organic chemistry, as thus 
modified by the strain theory, the principle of tautom- 
erism, and the doctrines of stereochemistry, is a won- 
derful achievement as a scheme of identification. Here 
and there may be found imperfectly studied materials 
which are said to exist in more isomeric forms than the 
theory can account for. But the literature abounds 
with similar cases which have not stood the test of 
thorough investigation, and I know of no data now on 
record which seem to be a serious menace to the ac- 
cepted system. Under these circumstances, the sug- 
gestions to discard the time-honored test of physical 
separability as a criterion of distinction between pure 
substances are to be subjected to severe scrutiny. 
Most of the proposals amount to substituting for the 
classic procedure some physical test of the properties 
of the supposed mixture. Although it would be rash 
to say that no such method can ever supplant the old 
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one, there is no aspirant now in the field the life of 
which I would care to insure. 

The task of summing up a long discourse like the 
present one is not easy. If my conclusions have not 
been clear to you as I went along, probably nothing 
that I can yet say will make them so. Structural 
chemistry which (together with its subsidiary modifi- 
cations) is really the heart of organic chemistry has 
been discussed as a scheme for the identification of 
compounds and for the registration and prediction of 
their properties and reactions. For this latter purpose, 
the modified system is invaluable so far as it goes, but 
it falls far short of what is urgently needed. As a 
scheme of identification and enumeration, it is a mag- 
nificent success, though still not perfect. In passing, 
I have attempted to show where improvements are 
most needed, and occasionally where they may hope- 
fully be sought. Two things are necessary for the ac- 
complishment of such advances. First, organic chem- 
ists must learn to abstract their fundamental theories 
to a point where they can be comprehended by persons 
who are not fluent speakers of the organic dialect. 
Secondly, physical chemists and physicists must re- 
member that, in spite of a form of expression which 
may well appear bizarre to the uninitiate, a competent 
organic chemist usually means something when he 
talks, and what he means is apt to make good sense. 





STILL NEEDS a READING 
KNOWLEDGE of GERMAN 


ODEN E. SHEPPARD 


Montana State College, Bozeman, Montana 


OME students who are planning to make chem- 
istry the field of their life work are surprised 
and somewhat dismayed in certain cases to find 

that German is included in most undergraduate cur- 
ricula and is required in practically all graduate work 
in chemistry. Some students feel that the growth of 
chemistry in the United States since the World War 
has obviated the need for studying German. They 
feel that all worthwhile chemical work published in 
German or any other language will certainly soon be 
translated into English. It is difficult for the beginner 
to realize that many chemical works published in 
German, é. g., Beilstein’s ‘‘Handbuch,’”’ have never been 
translated into English and are not likely to be. The 
beginner finds it difficult to understand that the rather 
limited number of copies of many works of this kind 
that can be sold would make a translation an: exorbi- 
tantly priced work that very few could purchase. Cer- 
tain students think that even though much chemical 
work is published in German few if any American 


chemists will ever have occasion or need to read 
that. They do not realize that even under present 
conditions striking developments may be made prac- 
tical commercial successes abroad before there is much 
if any knowledge of the work among chemists in the 
United States. A recent paper entitled “‘Ionic silver 
sterilization” (1) illustrates this, as 20 of the 22 bibliog- 
raphy references are in German, the 2lst was pub- 
lished in India, and the 22nd in the U. S. A., though the 
method has been a commercial success for several years. 

In order to secure objective data indicating the use 
American chemists are today making of German it was 
decided to examine the literature references given in 
the 1933 volume of the Journal of the American Chemi- 
cal Society as to language. In order to do this most 
conveniently all literature citations were first classified 
by periodicals. There were 5410 literature citations to 
364 different periodicals. Most of these periodicals 
publish papers in only one language so the task of con- 
verting this periodical classification list to a language 
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list was quite simple except for the relatively few periodi- 
cals such as Helvetica Chimica Acta which publishes 
papers in English, German, Italian, or French. As these 
latter account for so few of the total citations and only 
a small part of the periodicals concerned were available, 
it was decided not to look up each of these papers 
separately to find out what language it was published in. 
Most of the 81 citations in this class no doubt appeared 
in German, but some may have appeared in English, 
French, Dutch, Russian, Japanese, and even in Latin. 
(Annales Academiae Scientiarum Fennicae.) Table 1 
shows the classification by languages. The miscel- 
laneous group contains a few citations where the 
language of the publication or of all of the papers of 
the publication was doubtful. In general, the 1931 
list of periodicals abstracted by Chemical Abstracts was 


used as a guide. 
TABLE 1 
LANGUAGE OF THE LITERATURE CITATIONS 
Number % of Total 
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English 2494 
German 2104 
French 424 
Italian 
Russian 40 
Spanish 
Japanese 
Periodicals publishing in English, French, 

German, or other language 
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It is to be noted that over a third (887) of the English 
citations were to the Journal of the American Chemical 
Society itself. This preponderance of citations to 
earlier issues of the journal examined is to be expected 
and one should realize that this journal is probably 
given undue prominence in the list. 

It is interesting to note that an approximate classi- 
fication of over 500 citations in the current Berichte der 
deutschen chemischen Gesellschaft indicated that nearly 
90% of all citations are in German and a tabulation of 
nearly 300 citations from the 1934 Journal of the Chemi- 
cal Society (London) showed 54% in English and 38% 
in German. The writer believes that German workers 
generally have few American publications available 
and are less inclined generally to follow the English 
literature because the German literature is so exten- 
sive in itself. However, we find Germans (2) bemoan- 
ing the fact that the chemistry students do not give 
enough attention to the study of foreign languages, 
especially English. 

It is interesting to note the implications of this study 
as to the comparative utility of various foreign journals 
to American chemists as determined by the earlier 
study of Gross (3). Table 2 tabulates all the periodi- 
cals to which 21 or more citations were made in the 
order of number of citations. 

In Table 2 probably citations for Ann. chim. phys. 
and Ann. chim. should be added together, since the first 
of these periodicals was divided into Ann. chim. and 
Ann. phys. in 1914. 

If we exclude publications of the American Chemical 
Society as was done by Gross, 17 of the most important 


TABLE 2 

NUMBER OF CITATIONS TO EACH PERIODICAL 
. J. Am. Chem. Soc. 887 . Am. Chem. J. 
Ber. 751 . Z. Physik 
J. Chem. Soc. (London) 311 . Gazz. chim. ital. 
Ann. 305 . Z. Electrochem. 
Z. physik. Chem. 276 . Physik. Z. 
J. Phys. Chem. 157 . Phil. Mag. 
Phys. Rev. 139 . J. Russ. Phys.-Chem. Soc. 
. Ind. Eng. Chem. 120 27. Nature 
. Z. anorg. allgem. Chem. . Ann. Physik 
. Compt. rend. . Z. physiol. Chem. 
. Rec. trav. chim. 
. Proc. Roy. Soc. (London) 
. J. Biol. Chem. 
. J. prakt. Chem. 
. Trans. Faraday Soc. 
. Bull. soc. chim. 
. Helv. Chim. Acta 
. Monatsh. 
. Chem, Rev. 
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. Chem. Zentr. 
31. Ann. chim. phys. 

. Proc. Nat. Acad. Sci. 
3. Chemical Abstracts 

. Naturwissenschaften 
5. Biochem. Z. 

. Ann. chim. 

. Biochem. J. 


20 periodicals as determined by Gross are among the 
20 most important periodicals as determined by this 
1933 study and the first 4 still maintain their same rela- 
tive order of importance. Ann. Physik. ranks seventh 
in the Gross list and 25th in this when A. C. S. publica- 
tions are omitted and Phil. Mag. ranks 22nd here but 
18th in the earlier study. Ann. chim. ranks 11th in 
the Gross list and 28th in this but this difference is 
probably explained by assuming that Gross added cita- 
tions to both Ann. chim. phys. and Ann. chim. and 
called them one. Physical Review ranks 20th on the 
Gross list but now ranks 6th. This is one of the most 
striking changes in relative position. Helv. Chim. 
Acta, Rec. trav. chim., and Trans. Faraday Soc. now ap- 
pear among the 20 most important but occupied ranks 
much lower in the Gross list. 

Many writers (4) have at various times emphasized 
the need chemistry students have for German and it 
is important to know that this need is apparently di- 
minishing little if any despite the fact that the percent- 
age of German papers abstracted by Chemical Abstracts 
showed approximately a 6% decline from 1913 to 1923 
(5). This decline probably means that the number of 
papers published in each language is not as good a 
measure of the need of the chemist for the language as 
a study based on papers cited. The writer feels that 
every student of chemistry should fully realize that 
German is nearly as important a tool subject for him 
as mathematics and physics, and that if he has not 
studied German before college he should take it up 
during his freshman and sophoniore years. At Mon- 
tana State College candidates for the B.S. degree in 
chemistry are required to take two years of German and 
one of French if they have had no previous training in 
these languages. It is highly desirable that the Ger- 
man language requirement be met in high-school work 
but very few high schools in Montana offer German. 
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A NEW PERIODIC TABLE 


PIERRE VAN RYSSELBERGHE 


Department of Chemistry, Stanford University, California 


A new periodic table, emphasizing the importance of 
the azimuthal quantum number of the last electron added 
in the building up of the successive elements, is presented. 
The table consists of a group of subtables corresponding 
tol = 0, 1, 2, 3, arranged in such a way that all the 
usual relationships between elements are preserved or 
made more apparent. The natural sequence of atomic 
numbers is thereby sacrificed (as it always is on account 
of the rare earths) but can easily be followed by means of 
numbers assigned to the various horizontal lines. 


+++ oor 


S FAR as the author is aware, a periodic chart of 
the nature of the one he wishes to present here has 
never appeared elsewhere. None of the numerous 

tables shown in the very up-to-date booklet published in 
the U.S.S.R. for the Mendeléeff centenary! is based 
upon the principle applied here nor is there anything re- 
sembling it in the recent monograph by Rabinowitsch 
and Thilo.” 

The principle used results from the following con- 
siderations. The chemical properties of the elements 


depend on the nature (7. e., the quantum numbers) 


and on the number of electrons in their respective 
valence shells. For most elements one of these valence 
electrons is the one added to the electronic configura- 
tion of the preceding element. When some valence 
electrons belong to a d shell, there are rearrangements 
with the neighboring s shell (elements Sc —> Ni: 3d, 
4s—elements Y —> Pd: 4d, 5s—elements La —> Pt: 
5d, 6s) or with a neighboring f shell (elements Th, Pa, 
U 6d, 5f). 

The chemical properties depend more on the azi- 
muthal quantum number / of the last electron added 
than on the principal quantum number . This is 
particularly well shown by the rare earths, for which 
the last electrons added correspond to m = 4,/ = 3. 
The rare earths are always grouped together in some 
sort of annex to the periodic table, a situation made 
particularly imperative by the fact that their atomic 
numbers are between those of lanthanum and hafnium 
whose last electron has ~» = 5, / = 2. Since one 
isolates from the main table the elements for which the 
last electron added has / = 3, why not put in as many 
separate tables those corresponding to / = 2,/ = 1, 
1 = 0? This can be done very easily, as shown by our 
chart, which is self-explanatory. The usual relation- 
ships between analogous elements are preserved and 
are in fact emphasized by this new arrangement. 


1 “Mendeléeff Jubilee Congress,” 1934; made available to us 


through the kindness of Dr. J. W. McBain. 
2 RABINOWITSCH, E. AND THILO, E., ‘‘Periodisches System,” 


Enke, Stuttgart, 1930. 


The only missing regularity is the natural succession of 
atomic numbers, but all periodic classifications have to 
sacrifice it on account of the rare earths. Moreover, it 
can easily be restored by reading the horizontal lines 
in the order indicated by the numbers written on the 
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Line 1—Elements 1-2 

Lines 2, 3—Elements 3-19 

Lines 4, 5—Elements 11-18 

Lines 6, 7, 8, 9—Elements 19-36 

Lines 10, 11, 12, 13—-Elements 37-54 
Lines 14, 15, 15’, 16, 17—Elements 55-86 
Lines 18, 19—Elements 87-92 


1st period: 
2nd period: 
3rd period: 
4th period: 
5th period: 
6th period: 
7th period: 


left of the heavy frame line. Each horizontal line is 
limited by the frame of the table. For instance, K and 
Ca on the one hand, Cu and Zn on the other hand, 
form two distinct horizontal lines, as shown by the 
different numbers given to these groups. They are at 
the same level because the valence electrons have the 
same quantum numbers. 

This table apparently satisfies most of the require- 
ments listed by Clark.* It has moreover the distinct 
advantage over the various spiral classifications, that it 


3 CLarRK, J. D., J. Cem. Epuc., 10, 675 (1933). 
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grants to each element a square of equal size in which 
the customary information (atomic number, atomic 
weight, numbers of isotopes, etc.) could conveniently 
be tabulated. This is, of course, the common advan- 
tage of all the classifications of the original Mendeléeff 
type. 

Interesting features of the table are the following. 
Hydrogen occupies a natural position and its relation- 
ship to both lithium and fluorine is made clear by writ- 
ing its symbol at the top of the columns of both these 
elements. All the non-metals (except H and He) are 
in the sub-table corresponding to / = 1, where they are 
separated from the other elements by a double line. 
Another double line separates the rare gases from the 
other non-metals. The various families (nitrogen 
group, sulfur group, halogens, rare gases, alkali metals, 
etc.) are in uninterrupted columns. The metals 
exhibiting magnetic properties are all in the subtables 
corresponding to / = 2 and / = 3. The rare earths 
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form line 15’ which, in the natural sequence of atomic 
numbers, should be intercalated between La and Hf of 
line 15. Line 15’ is split into two lines of seven ele- 
ments each in order to condense the table horizontally. 
Incidentally, this brings out certain known analogies in 
pairs such as Ce and Tb, Gd and Lu. Several more 
properties of the table will be noticed by direct inspec- 
tion. 

It appears as though a table of this type could 
profitably be used in the teaching of chemistry. It is 
simple enough, can easily be reproduced, emphasizes 
the réle of quantum numbers in the building up of the 
periodic system, and lends itself particularly well to the 
demonstration of the Pauli exclusion principle. 

The author has used it in lectures on the periodic 
classification with excellent results. His decision to 
publish it has been prompted by the absence of any 
analogous table from the Russian booklet mentioned 
above, and, hence, from chemical literature as a whole. 





The EXTENT of 


CHEMICAL EDUCATION 


VICTOR H. NOLL 
Rhode Island State College, Kingston, Rhode Island 


INTRODUCTION 


HEMISTRY seems to have been offered as a 
separate branch of instruction in American 
colleges and universities since the establishment 

of the first professorship of chemistry in Kings College in 
1767. The next institution to offer chemistry was the 
University of Pennsylvania where James Rush became 
professor of chemistry in 1769; in William and Mary 
College chemistry was introduced in 1774. Harvard 
introduced it in 1783, and Princeton in 1795. During 
the next fifty years it became a regular course of in- 
struction in most of the larger and better known col- 
leges and universities. The early courses in chemistry 
were usually offered in the medical departments of these 
institutions. 

The teaching of chemistry in secondary schools 
did not begin until a somewhat later period. There 
is no evidence that chemistry or any other science, 
with the possible exception of natural philosophy, was 
offered in the Latin Grammar School, since the cur- 
riculum included little but Latin and Greek. Even in 
the academies which had much broader curricula than 
the Latin Grammar School, it appears that chemistry 
was not offered until the 19th century. The evidence 
regarding the curricula of the early academies is meager, 
but the indication is that a few of these schools were 

* Contribution to the symposium on The Réle of Chemistry 
in Education conducted jointly by Section C (Cherhistry) and 


Section Q (Education) of the American Association for the Ad- 
vancement of Science, Pittsburgh, Dec. 27, 1934. 


offering courses in chemistry by 1810, and that by 
1840, when there were several thousand academies in 
existence, it was undoubtedly a regular part of the 
program of most of them. By this time also the 
movement for the establishment of public high schools 
was well under way. 

The first public high school, founded in Boston 
in 1821, included natural philosophy (physics) in its 
curriculum, but not chemistry. The teaching of 
chemistry in the public high schools apparently paral- 
leled the development of this branch of instruction 
in the academy, although a broader curriculum was 
one of the fundamental aims of the public high school. 
At any rate, by 1860-1865 chemistry was generally 
offered in the larger public high schools. Stout reports 
that in twenty selected high schools of this period 
natural philosophy was offered in all, chemistry, physi- 
ology, and physical geography in 17 (or 85%), and 
geology, astronomy, and botany in 14 (or 70%). 
Other sciences were offered much less commonly (20). 
This should not be taken to indicate, however, that all, 
or nearly all, high schools of the time offered instruc- 
tion in chemistry. In Massachusetts it was required 
by law from 1857 to 1898 in towns of over 500 families; 
in New York between 1860 and 1880, the subject was 
offered in from 60-70% of the high schools (3). That 
there was great variation in the proportion of secondary 
schools which included this subject in their curricula 
can hardly be doubted. It is probably safe to assume, 
however, that chemistry by 1875 was generally ac- 
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cepted as having a rightful place among high-school 
subjects. Where such instruction was not offered it 
was probably due more often to lack of facilities than to 
any feeling of disapproval. By this time, also, chemis- 
try was generally accepted for entrance credit by 
colleges and universities. 

With this much by way of introduction we may pro- 
ceed to the consideration of more recent develop- 
ments in chemical education with particular attention 
to the present status of this field of instruction. 


HIGH SCHOOLS 


In 1927-28 the United States Office, of Education 
received reports from 18,116 public, and 2448 private 
secondary schools, a total of 20,564 (22). This does not 
represent a complete census but it probably includes at 
least four-fifths of the secondary schools in existence six 
years ago. What proportion of all high schools re- 
porting offered the various sciences? An answer to the 
question is given in Table 1. 


TABLE 1 


NuMBER AND PRroporTION OF ALL SECONDARY SCHOOLS OrFERING CERTAIN 
Sciences, 1927-28 


Biol- Phys. Phys- Bot- Zodl- 
Gen. Sci. ics ogy CHEM. Geog. iol. any ogy 
10,784 8537 8522 5851 2994 2811 1373 597 

52.4 41.5 41.4 28.4 14.5 13.7 6.7 2.9 


Phys- 


Number 
Percentage 


It appears that the science most frequently offered is 
general science. This is reported by slightly over one- 
half the schools. Biology and physics come next with 
about two-fifths of the schools reporting that they 
offer work in these branches. Chemistry is offered 
by 28.4%. Physical geography and physiology are 
each offered by about one-seventh of the high schools 
reporting. Botany and zodlogy as separate courses 
come last. If we combine general science and physical 
geography as first-year sciences there are approximately 
two-thirds of the total number of schools represented. 
All biological sciences similarly combined account for 
one-half the schools. In the four commonly offered 
branches of science chemistry therefore stands lowest 
in point of number and proportion of schools offering it. 
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of instructional facilities, equipment, etc., than other 
sciences. In view of the fact that the median enrol- 
ment of high schools in this country is less than one 
hundred pupils, fully one-half of these schools would 
find it very difficult, if not impossible, to offer a sub- 
ject requiring the instructional facilities needed for 
chemistry. It may also be that physics is better es- 
tablished in the high-school curriculum from the stand- 
point of tradition, and that high schools which can offer 
but one upper-grade science naturally select physics. 
As regards general science and biology, it should be 
pointed out that both physics and chemistry are nearly 
always electives, while general science is often re- 
quired, and biology is also sometimes a required subject 
or an alternate choice with general science. It is rather 
common practice to require one unit of science in high 
schools for graduation and this unit is nearly always 
chosen from general science or biology. Consequently 
many smaller schools do not feel obliged to attempt to 
offer more than general science and biology. All these 
factors probably affect the situation. 

No figures showing the enrolment in chemistry or 
other sciences for the country as a whole were collected 
until about 1880. At this time the United States 
Bureau of Education began to collect such data on a 
nation-wide scale at more or less regular intervals. In 
Table 2 we have presented data of this type beginning 
with 1890 for chemistry and physics, and for other sci- 
ences at later dates (22). The first fact which strikes 
one in connection with the data for 1890 is the dis- 
parity between chemistry and physics. At this 
time more than twice as many pupils were enrolled 
in physics as in chemistry. This represents a situa- 
tion which had probably existed for some time. Natu- 
ral philosophy, which later became physics, antedated 
chemistry in its introduction into the curricula of col- 
leges and secondary schools and gained a lead which it 
held until the present century. 

The second important fact brought out by the figures 
is the proportion of the total secondary-school popula- 
tion enrolled in these subjects. In 1890 slightly less 
than 10% of all high-school pupils were enrolled in 
chemistry and 21.4% in physics. It should be pointed 


TABLE 2 


NUMBER AND PROPORTION OF STUDENTS ENROLLED IN CERTAIN SCIENCES IN PUBLIC AND PRIVATE HicGH ScHoots, 1890-1928 


1890 1900 

No. % 
General Science 
Biology 

CHEMISTRY 

Physics 

Physiology 

Physical Geography 
Botany 

Zoblogy 


50431 
118936 
169844 
144135 


Among the reasons usually given for not offering 
chemistry, as reported in an investigation of this 
question in Nebraska high schools, are the following: 
“too expensive,”’ ‘‘no call for it,” “‘not equipped for it,”’ 
and “‘teaching staff too small’ (5). Apparently school 
officials feel that chemistry demands more in the way 
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out that the total numbers of students given here should 
be considered of value chiefly as related to each other 
rather than as reliable figures of total enrolments. Al- 
though the surveys made by the Bureau of Education 
are far more comprehensive and complete than most, 
they do not, as has already been said, include all sec- 
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ondary schools in the country. Consequently, we rely 
most largely on the percentages in our interpretations. 

Reading across the table shows trends by decades 
before 1922. Chemistry shows a slight decline in 1900 
and a further one in 1910. The last three percentages, 
namely those for 1910, 1922, and 1928, are almost con- 
stant, indicating that chemistry is enrolling between 
7% and 8% of the total high-school population in any 
given year. Physics shows a steady decline since 1890. 
In 1928, for what is probably the first time in the 
history of secondary education in this country, it had a 
smaller proportionate enrolment than chemistry. The 
difference is, however, very slight. Physics, although 
dropping steadily in the proportion of high-school 
pupils enrolled, has grown in actual enrolment during 
the period represented from 63,644 to 224,233, an in- 
crease of nearly 300%. Chemistry has grown in 
enrolment during the same period from 28,665 to 
230,020, an increase of nearly 800%. Lest teachers of 
chemistry or of physics begin to feel too pleased over 
this, it may be said parenthetically that since 1880 the 
increase in the total secondary-school population has 
been about 4000%. 

It would be of interest to have data on the present 
enrolment in chemistry but these are not yet available. 
We may make an estimate of this on the basis of the 
gain over a period comparable in length to that elapsed 
since 1928. The gain in enrolment between 1922 and 
1928 was 53,259, or 30%. A similar gain between 
1928 and 1934 would make the present enrolment in 


high-school chemistry approximately 300,000. The 
United States Office of Education is now completing 
another census which will show the degree of accuracy of 
this estimate. 

Data are also given in Table 2 for other sciences 


beginning with 1890. In that year we see that physi- 
ology and physical geography exceeded physics and 
chemistry in the proportion of the high-school popula- 
tion which they enrolled, physiology going well over 
the quartile. Reading across the page a steady and 
marked decline in proportionate enrolment in physi- 
ology and physical geography is seen until in 1928 each 
enrolled less than 3%. Physical geography shows a 
gain in total number enrolled between 1900 and 1910 
but a steady decline both relatively and absolutely since 
the latter date. 

The figures for botany and zoédlogy date from 1910 
and show a decline both in numbers enrolled and in 
proportionate enrolment to a low in 1928 of 1.6% and 
0.8%, respectively, for these two subjects. The reason 
for this decline lies largely in the introduction of biology 
which has grown steadily until in 1928 it enrolled 13.3% 
of the total high-school population. 

Most of the decline in enrolment in physical geog- 
raphy can be attributed to the introduction of general 
science which now enrols a greater proportion of high- 
school pupils than any other science. In 1928 over 
one-half million pupils, constituting nearly 17% of 
those reported by secondary schools, were énrolled in 
general science courses. 
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The picture thus outlined is one that may not be 
altogether pleasing. Chemistry seems to be holding a 
certain proportion of the pupils in our high schools 
without much change one way or the other. Physics 
may have struck a similar level. There is some indica- 
tion that general science has reached its peak, but 
biology is growing, the only high-school science, ap- 
parently, that is. Probably one of the most important 
reasons for the failure of upper-grade sciences to gain 
is the great broadening of the high-school curriculum 
through the introduction of many new subjects. This 
has tended to reduce the number of elections of older 
subjects like chemistry and physics. 

An attempt was made to obtain some facts on the 
number of persons engaged in teaching chemistry and 
other sciences in high schools but these are at present 
not available. The problem is inordinately com- 
plicated by the fact that most teachers in secondary 
schools teach two or more subjects which are often 
totally unrelated. We do know that there are in the 
neighborhood of 200,000 teachers in secondary schools, 
of whom an indeterminate number teach chemistry. 
A random guess would place the figure at perhaps10,000, 
with a probable error of about 5000. 

Investigations of the status of chemical education 
in various states including Nebraska, Illinois, South 
Carolina, Utah, Ohio, Wisconsin, Oregon, Washington, 
and Iowa reveal a situation which is not greatly differ- 
ent from the picture just presented for the country as a 
whole. One would certainly be safe in saying that 
chemistry is offered in more than one-fourth of the 
high schools of the country and enrols at least one- 
fourteenth of all the pupils in these schools at a given 
time. 


JUNIOR COLLEGES 


The junior college is among the newest of our educa- 
tional institutions. It apparently has not yet identi- 
fied itself permanently with either secondary or higher 
education, but it seems to have decided leanings in the 
direction of the lower schools. Those who are most 
interested and prominent in the development of this 
institution regard it as a secondary school and we shall 
so consider it here. 

There are three types of junjor colleges, namely, 
public or locally supported and controlled, private, 
and state. The latest figures show that there are 
about 136 public, 273 private, and 39 state-supported 
junior colleges in the country. No studies were 
found that showed the status of chemical education in 
all three types but one such investigation has been re- 
ported on the public junior colleges by Morse (11). 
From 126 such institutions listed in 1928, he selected 61 
and analyzed the catalogs of each for the work offered in 
chemistry. 

The analysis showed that all but one offered courses 
in chemistry, the extent of work available ranging 
from six to forty-four units. About 28% offered one 
year of general chemistry; about 50% offered 11/2 or 2 
years of work, and about one-fourth offered more than 
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2 years. Only one college of the 60 is reported as 
giving qualitative analysis as a separate course. 

Seventy-eight and three-tenths per cent of these 
institutions had but one instructor in chemistry; 13.3% 
had two, and the remainder employed from three to 
eight. Three-fourths of all instructors had master’s 
degrees and 2.9% had the doctorate. 

No data have been found on the number of students 
enrolled in chemistry in junior colleges. There is little 
reason to suppose that the proportion would differ 
greatly from that found in lower secondary schools. 

The picture as presented for public junior colleges is 
perhaps more favorable than it would be for junior 
colleges as a whole. The public junior colleges have 
an average enrolment of about 300, which is somewhat 
higher than that of state junior colleges, and which is 
more than twice the average enrolment of private 
junior colleges. It may therefore be reasonably assumed 
that the latter two types of institutions would have as 
groups, offerings in chemistry which would be less ex- 
tensive, a staff somewhat lower in qualifications, and 
that they would have poorer laboratory facilities and 
equipment. Undoubtedly, also, fewer of the smaller 
junior colleges would attempt to offer chemistry. 


NORMAL SCHOOLS AND TEACHERS’ COLLEGES 


Next to be considered is the group of institutions 
whose sole function, theoretically at least, is training 
of teachers. In 1928 statistics were gathered from 339 
such institutions by the United States Office of Educa- 
tion. These schools offer curricula varying in length 
from one to four years, those of four years now usually 
leading to the bachelor’s degree. In 1928 they gradu- 
ated 49,627 students from non-degree curricula, and 
8179 students with degrees. The proportion of stu- 
dents in these schools preparing to teach in four-year 
and senior high schools is approximately 15% (22). 

Data on the extent of chemical education in normal 
schools and teachers’ colleges are fragmentary and in- 
complete. Van de Voort analyzed the catalogs of 90 
such institutions distributed over 35 states about ten 
years ago and found 612 courses in chemistry listed 
under 66 different titles (23). Of these 612 courses, 
300 were general courses in organic or inorganic chem- 
istry; 23 bore titles indicating that they dealt pri- 
marily with so-called professionalized subject matter 
or methods of teaching chemistry. 

Powers (17) summarized the titles of science courses 
offered in teacher-training schools during the years 
1927-28 and reports the data presented in Table 3. 


TABLE 3 


OFFERING IN CERTAIN SCIENCES OF 196 TEACHER-TRAINING SCHOOLS IN 
1927-28 (AFTER Powers) 


Number of Number of 
Subject Courses Titles 
Biology 1126 243 
CHEMISTRY 774 114 
Physics 525 149 


Biology leads with almost as many courses and 
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titles as chemistry and physics combined, with roughly 
twice as many courses as physics, and more than twice 
as many titles as chemistry. Chemistry has more 
courses but fewer titles than physics. This may in- 
dicate that the opportunities for specialization by 
taking additional units of work in similarly named 
courses are greater in chemistry than they are in physics. 

Walker (24) made an analysis of the catalogs of 60 
state teachers’ colleges and normal schools for 1927- 
1929 and found that ten, or almost 15%, offered no 
work in chemistry. The remainder offered a total of 
278 courses, the most common in order of frequency 
being general, organic, quantitative, and qualitative. 
Of the 98 instructors in chemistry in these schools, 
all had the bachelor’s degree. In 22 schools the work 
in chemistry constituted a separate department; in 14 
it was combined with physics, and in 23 it was a part 
of the science department. 

No data were found on the proportionate enrolment 
in chemistry or in other sciences in normal schools 
and teachers’ colleges. The total enrolment in such 
institutions in 1928 was 274,348, of whom an indeter- 
minate number were enrolled in courses in chemistry. 

It appears from these investigations that upwards of 
three-fourths of the teachers’ colleges and normal 
schools of the country offer some instruction in chemis- 
try and that, next to biology, this is the science most 
frequently offered and in which the offering is most 
extensive (second again to biology). The indication 
is that more work in chemistry is offered in teacher- 
training institutions than in junior colleges. It also 
seems that the quality of instruction, as measured by 
possibilities for specialization in this field, and by the 
academic training of the instructors, is better in normal 
schools and teachers’ colleges. More complete data 
from both types of institutions may change these 
conclusions. 


COLLEGES, UNIVERSITIES, AND PROFESSIONAL 
SCHOOLS 


In 1928 there were approximately 800 degree-granting 
institutions in this country, exclusive of separate junior 
colleges and teacher-training institutions (22). These 
800 institutions enrolled approximately 800,000 stu- 
dents exclusive of those in preparatory departments, 
summer schools, short courses, and extension and 
correspondence courses. The number of instructors in 
these institutions was in the neighborhood of 60,000. 
Of these about one-fourth were in graduate and pro- 
fessional departments including engineering, medicine, 
law, etc. The rest were in collegiate departments. 
The degrees conferred in 1928 were approximately as 
follows: baccalaureate—80,000; professional—20,000; 
graduate and honorary—15,000. Now, how many 
instructors and students are occupied in these institu- 
tions with work in chemistry? Apparently no one 
knows, but perhaps we can throw some light on the 


question. 
Hendricks and Chambers (5) gathered statistics on 
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enrolments in chemistry in colleges and universities in 
Nebraska and reported that 16.6% of all college stu- 
dents in that state were taking some work in chemistry. 
In a report to the Senate of Chemical Education in 1927 
based on reports from 259 higher institutions in 30 
states and the District of Columbia, it is shown that the 
percentage of the total enrolment taking work in chem- 
istry in these institutions varies from a minimum of 
14.2% to a maximum of 88%.* 

The average of these percentage enrolments is 23.7%. 
This is probably high for the country as a whole since 
no institutions are reported in this study with very 
low enrolments in chemistry and none are included that 
do not offer it at all. It seems probable that the true 
enrolment for the country would fall somewhere be- 
tween the figures cited by Hendricks and Chambers 
for Nebraska and those just given. Perhaps a reason- 
able estimate would be in the neighborhood of twenty 
per cent. of the total enrolment in colleges and universi- 
ties as taking courses in chemistry. 

It is possible to present some data on enrolments in 
various engineering curricula, including chemical en- 
gineering. In an unpublished report by Walton C. 
John of the United States Office of Education data of 
this type are given (9). These have been summarized 
in Table 4. 


TABLE 4 


TOTAL ENROLMENTS IN VARIOUS ENGINEERING CURRICULA, 1925-1931 


Mining & 
Architec- Metallurgi- 
tural cal 
2,529 2,070 
3,256 2,143 
2,940 2,944 


Elec- Me- 

trical Civil chanical 
18,161 12,502 10,642 
20,210 14,073 11,273 
19,992 14,534 15,684 


CHEM- 
ICAL 
4,897 
5,987 
9,667 


1925-26 
1927-28 
1930-31 


During the five-year period represented, all the 
curricula gained in total enrolments. The greatest 
relative gain occurred in chemical engineering in which 
the enrolment practically doubled. The second great- 
est gain, about 50%, occurred in mechanical engineer- 
ing. Electrical and civil engineering, which enrol the 
largest numbers, made relatively small gains. With 
respect to total enrolment in 1930-31, chemical engi- 
neering was exceeded only by electrical, mechanical, 
and civil engineering. ' 

There is clear evidence here of a marked advance 
for chemical engineering. A branch of education in 
which the number enrolled doubles itself in half a 
decade shows signs of vigor and strength that few 
other fields in higher education can probably duplicate. 
The fields of engineering included in Table 4 stand 
at the top of the list of those included in the study. 
The original report mentions among others, aéronauti- 
cal, industrial, petroleum, agricultural, production, 
electrochemical, and marine engineering. In all these, 
enrolments are much smaller than any of those shown 
in Table 4. The data are based on reports of 145 en- 
gineering schools and colleges in all parts of the country 


* This institution reports almost all students tb be taking 
chemistry at the time of the report but only 2.4% of its students 
to be majoring in it. 
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and represent all but four of the engineering schools 
known to exist. The facts may therefore be taken as 
being unusually complete and representative. 

Another phase of chemical education which may be 
considered is the extent of graduate work now being 
carried on in this field. The National Research Council 
has for a number of years collected data of this type 
which may be summarized here. The most recent 
report is the tentht of its kind and presents the facts 
for 1933 as well as for the nine preceding years (7). 
It is impossible here to present anything but totals 
for the various years, and to indicate the research 
fields in which the largest numbers of graduate students 
are engaged. The totals for each year appear in 
Table 5. 


TABLE 5 


NUMBER OF STUDENTS ENGAGED IN GRADUATE RESEARCH IN CHEMISTRY BY 
YEARS, 1924-1933 


1929 
2498 
1934 
3126 


1927 
1934 
1932 
3348 


1928 
2081 
1933 
3023 


1925 
1763 
1930 
2795 


1926 
1882 
1931 
3261 


Number of Students 


Number of Students 


There is a constant and uninterrupted growth from 
1924 to 1932 inclusive, the total in 1932 being almost 
twice that reported in the first census in 1924. In 
1933 appears the only decline, the total in this year 
being the lowest since 1930. This decline is no doubt 
due in large part to the economic situation which 
has made higher institutions reduce greatly their 


fellowships and scholarships for graduate students, and 
which has also made it impossible for many men and 
women to finance their own graduate study. Com- 
parable data for other fields of research on the gradu- 
ate level would probably show a similar decline. 

The fields of chemical research in which largest 
numbers of students are working are first, organic; 


second, general and physical; third, chemical engi- 
neering; and fourth, physiological chemistry. Closely 
following these are analytical, inorganic, agricultural, 
and colloid chemistry in the order named. The data 
are based on returns from 141 institutions and prob- 
ably include all or nearly all that offer work of this type. 

The latest figures for the total number of graduate 
students in all colleges and universities are for the year 
1930. At that date there were reported to be 47,255 
persons engaged in such work. According to the 
figures just presented there were in that year 2795 
graduate research workers in chemistry, which repre- 
sents 5.9% of the total. This figure is probably fairly 
conservative since the data for chemistry include only 
students who are candidates for masters’ and doctors’ 
degrees, exclusive of faculty members engaged in 
chemical research. 

The nearest approximation of the number of college 
and university instructors in chemistry which could 


7 Since this paper was delivered the eleventh census has ap- 
peared [J. Cuem. Epuc., 12, 339-43 (July, 1935)]. The figure 
for 1934 has been added to Table 5. 

ft Reported as a separate field only since 1929. 
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be had was obtained from unpublished data of the 
National Survey of Teacher Training through the 
courtesy of Mr. Benjamin W. Frazier of the United 
States Office of Education. A check list was sent to 
about 88,000 staff members in practically all the 
higher institutions in the country. A total of 21,742 
replies was received which represents a return of ap- 
proximately 25%. The number of replies received 

. from teachers of biological sciences was 805; from 
teachers of chemistry, 672; from teachers of physics, 
331. If the total replies can be assumed to represent a 
random sampling of all college and university teachers, 
and if the science teachers responded in approximately 
equal proportions, then one could generalize somewhat 
as follows. There are approximately 3000 teachers of 
biological sciences, 2500 teachers of chemistry, and over 
1300 teachers of physics in American colleges and uni- 
versities today. These numbers and the percentage 
of all instructors which each group represents are 
summarized in Table 6. 


TABLE 6 


ESTIMATED NUMBERS AND PERCENTAGES OF COLLEGE AND UNIVERSITY IN- 
STRUCTORS IN CERTAIN SCIENCES, 1932 





Numbers Percentages 
Biology 3000 3.4 
CHEMISTRY 2500 2.8 
Physics 1300 1.5 


Without placing much reliance in our totals we can 
probably assume a fair degree of accuracy in the rela- 
tive amounts. In other words, the ratio of instructors 
in biological subjects to instructors in chemistry is 
about 6:5; that of instructors in biology to instructors 
in physics, about 2.3:1; and of instructors in chemis- 
try to instructors in physics, almost 2:1. 

The questionnaire through which the basic data for 
the foregoing comparisons were obtained instructed 
the respondents to indicate the one department to 
which they devoted the major portion of their time. 
It must be kept in mind, therefore, that when we state 
that there are approximately 2500 instructors in chemis- 
try we do not mean full-time instructors exclusively. 
Many of the respondents certainly devote all their time 
to chemistry, and all supposedly devote more time to 
it than to any other branch of instruction. There are 
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undoubtedly still others who devote some time to teach- 
ing chemistry but who are not included here because 
the major portion of their time goes to other things. 

Summarizing the data presented for colleges and 
universities we may say that perhaps 20% of all stu- 
dents in these institutions take some work in chemistry. 
No doubt the proportion in some institutions is much 
higher than this but in others it is certainly lower. Our 
data show an enrolment of almost 10,000 in chemical 
engineering, and approximately 3000 in graduate re- 
search in chemistry. A crude estimate of the number 
of persons engaged in teaching chemistry in higher 
institutions places the figure at 2500. It appears 
possible, therefore, that chemical education is propor- 
tionately better represented on the higher academic 
levels than it is in lower schools. Such a generaliza- 
tion can, of course, be accepted only with full recogni- 
tion of the unverified nature of the data upon which it is 
based. The figures for chemical engineering and 
graduate study are probably quite accurate; those for 
total undergraduates in chemistry and for instructors 
in this field are merely estimates based upon the best 
available research. 





CONCLUSION 


Our picture of the extent of chemical education is 
now finished, although it is far from complete. There 
are many gaps which need to be filled. Some of these 
might have been closed by data which the writer did 
not discover. Others must probably remain until 
further studies are made. It is clear, however, that 
chemical education is a going and, in most respects, a 
growing concern. Altogether, excluding those not 
directly connected with educational institutions, the 
number of persons participating would seem to be in 
the neighborhood of one-half million. The various 
totals presented in this report add up to about 440,000 
and these do not include students in summer schools, 
extension and correspondence courses, night high 
schools, and others who pursue the study of chemistry 
at home or elsewhere without organized instruction. 
An enterprise of such proportions is at once a great 
inspiration, a tremendous problem, and a heavy re- 
sponsibility. 
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MODIFICATION in the CONFIRMA- 
TORY TEST for ZINC ION 


MARGARET W. KELLY AND ELISABETH L. JOHNSON 


Connecticut College, New London, Connecticut 


A new qualitative test for zinc ton, based on the fusion of 


zinc nitrate with solid ammonium nitrate, 1s described. 
For 300 mg. Zn**, a characteristic rose-colored residue is 
obtained which on high heating yields the ordinary yellow 


zinc oxide. For amounts of zinc ion ranging from 5 to 25 
mg., the same technic yields the ordinary zinc oxide with 
its characteristic colors. 


++ oor te 


CCORDING to the work of Artur Kutzelnigg,! 

a brick-red oxide of zinc can be obtained by dis- 

solving the ordinary zinc oxide in fused ammo- 

nium nitrate and heating the melt over a Bunsen flame. 

A deflagration occurs and a brickish red residue is 

thrown out on the sides of the flask. This reddish com- 

pound is not affected by boiling water, but when heated 

its color fades, leaving a residue of the ordinary zinc 

oxide, bright yellow when hot and cream-colored when 
cool. 

The purpose of the work to be described was to 
determine whether or not the formation of this reddish 
oxide and subsequently of the ordinary cream-colored 
oxide could be used as a confirmatory test for zinc ion 
under the conditions obtaining in the Noyes? and Ham- 
mett? schemes of qualitative analysis. The work 


1 KuTzetnicc, Artur, ‘Uber eine ziegelrote Form des Zink- 
oxydes,” Z. anorg. allgem. Chem., 208, 23-8 (1932). 

2 Novss, A. A., “Qualitative chemical analysis of inorganic 
substances,” 9th ed., The Macmillan Company, New,York City, 
1932, pp. 98-110. 

3 Hammett, L. P., “Solutions of electrolytes,’’ McGraw-Hill 
Book Company, Inc., New York City, 1929, pp. 179-80, 186. 


showed that the test is wholly satisfactory for 300 mg. 
of zinc ion, but that certain modifications of the Kutzel- 
nigg technic are necessary for 30 mg. or less of zinc ion. 
This modified test is considerably easier to manipulate 
and is more definite than the Rinmann’s green test 
employed by Noyes. 

For the ordinary purposes of a qualitative analysis a 
confirmatory test may be considered satisfactory 
which will identify as little as 5 mg. of a constituent in 
the presence of as much as 300 mg. of other ions of its 
group. In the case of zinc it is particularly important 
to have a reliable confirmatory test, since zinc ion is 
subject to occlusion by the hydroxides of the iron group 
and may therefore appear in either the aluminum or the 
iron group. Also, a small amount of zinc sulfide may be 
indistinguishable from the precipitate of sulfur often 
obtained when hydrogen sulfide is passed into an alka- 
line solution. When 5 mg. of zinc ion must be identi- 
fied in the presence of large quantities of the other ions 
of the aluminum and iron groups, the Rinmann’s green 
test frequently proves unsatisfactory as a confirmatory 
test. It is difficult to adjust the amount of cobalt 
nitrate to the amount of zinc ion, and, with only slight 
overheating, enough cobalt oxide may be produced to 
obscure the green color completely. Thus time-con- 
suming repetitions of the operation are necessitated and 
the final result is apt to be very doubtful. 

The first step in attempting to determine the useful- 
ness of the oxide described by Kutzelnigg was to repeat 
his experiment. Accordingly a mixture of 9 g. of zinc 
oxide and 25 g. of solid ammonium nitrate was heated 
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in a 50-cc. pyrex Erlenmeyer flask over a Bunsen flame. 
After fusion, the reaction proceeded quietly at first, 
then suddenly increased in speed and a deflagration 
occurred with sudden evolution of gases. A brickish 
rose residue was obtained, encrusted on the walls of the 
flask. On further strong heating, oxides of nitrogen 
were evolved and the residue lost its rose color, becom- 
ing bright chrome yellow when hot and fading to cream 
color when cooled. As is characteristic of the ordinary 
zinc oxide, the bright yellow color could be renewed with 
reheating. The reaction corresponded to the descrip- 
tion of Kutzelnigg’s results except that the residue was 
rose, rather than red in color. 

The procedure was then repeated, using varying 
amounts of a solution of zinc nitrate of known concen- 
tration (10 mg. zinc ion per cc.) in place of zinc oxide. 
These samples of zinc nitrate were evaporated to about 
2 cc., solid ammonium nitrate was then added, and the 
mixture was heated. The results showed that a defi- 
nite deflagration and a rose-colored residue were ob- 
tained only for amounts of zinc ion in excess of 50 mg. 
However, in all cases, the familiar cream-colored oxide, 
bright yellow when hot, was obtained as a final residue. 

Since in the usual analytical procedure zinc is sepa- 
rated as zinc sulfide, solutions of zinc nitrate containing 
different known amounts of zinc ion were next treated, 
in the presence of excess ammonium hydroxide, with 
hydrogen sulfide, the precipitate was filtered off, washed, 
and redissolved by: pouring 5-10 cc. 6 N nitric acid 
through the filter paper. The resulting solution was 
collected in a 50-cc. pyrex Erlenmeyer flask and concen- 
trated to about 2 cc. Two grams of solid ammonium 
nitrate was then added and the flask was heated until a 
deflagration occurred. The amount of deflagration and 
the color of residue were observed, and the heating of 
the flask continued at a high temperature until all oxides 
of nitrogen had been expelled. Finally the amount and 
color of the final residue were noted. The results of 
such a series of experiments are summarized in Table 1. 


TABLE 1 
Nature of solu- Amount Color of 
tion used of precipi- Amount residue Residue after high 
Other tate of after heating 
Mg. constitu- with defla- deflagra- Color 
Zn** ents Hes gration tion Amount Hot Cold 
300 none heavy large rose large yellow cream 
100 none heavy large pale rose large yellow cream 
50 = none moderate small pale rose moderate yellow cream 
25 none moderate small yellowish small yellow cream 
5 none slight small yellowish small yellow cream 
1 none slight slight yellowish slight yellow cream 
0.2 g. 
none sulfur none slight so. none 


Next, two determinations were carried through, one 
on a sample containing 30 mg. of zinc ion in the presence 
of 30 mg. each of aluminum, chromium, manganese, 
ferric iron, cobalt, and nickel, the other on a sample 
containing 30 mg. of each of these ions, but excluding 
zinc. The samples were carried through the analytical 
procedure according to Noyes? except that the Ham- 
mett procedure’ was used for removal of aluminum and 
chromium. After separation of interfering ions, of 
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each group, zinc was tested for by precipitating in alka- 
line solution with hydrogen sulfide. The resulting 
precipitates were dissolved in nitric acid, the solution 
was neutralized with ammonium hydroxide, evaporated 
to small volume, and given the ammonium nitrate 
treatment described earlier. Results are summarized 
in Table 2. 

The most rigorous condition which the confirmatory 
test would usually have to meet would be the detection 
of 5 mg. of zinc ion in a solution containing originally 
300 mg. each of the other ions of these groups. There- 
fore, parallel determinations were carried through the 
analytical procedure; one with 5 mg. of zinc ion in the 
presence of 300 mg. each of aluminum, chromium, 
manganese, ferric iron, cobalt, and nickel ions, the other 
containing no zinc ion, but 300 mg. of each of the other 
ions. The results are summarized in Table 2. 


TABLE 2 
Mg. of 
each of 
other 
ions of Amount precipitate with Results after NHiNOs treatment 
aluminum HS in test for Zn*+* in Amount 
Mg. and iron Aluminum Iron final Color of residue 
Zn** groups group group residue Hot Cold 
30 = 330 small small small bright cream 
(pale yellow) (pale yellow) yellow 
none 30 small small trace white white 
(pale yellow) (pale yellow) 
5 300 small small small bright pale green- 
(pale yellow) (pale yellow) yellow ish yellow 
none 300 small small trace whitish whitish 


(pale yellow) (pale yellow) 


In view of these results, the following procedure* is 
recommended as a confirmatory test for zinc ion. 
After separation from the other ions of these groups by 
the usual methods, and precipitation of zinc as zinc 
sulfide, filter and wash any precipitates obtained. 
Dissolve the zinc sulfide so obtained by pouring 5-10 cc. 
of 6 N nitric acid through the filters, collecting the com- 
bined extracts in a 50-cc. pyrex Erlenmeyer flask. Add 
1 g. of solid ammonium nitrate and heat on a wire gauze 
under the hood until a deflagration occurs. Then con- 
tinue with strong heating until all the oxides of nitrogen 
are completely expelled. If zinc is present, a residue 
remains which is bright yellow when hot and cream 
colored when cold. 

Attempts were made to substitute a small porcelain 
casserole for the Erlenmeyer flask, but the residue was 
so scattered that its color was uncertain. Furthermore, 
there is considerable danger of loss of residue out of the 
open dish. Substitution of a hard-glass test-tube was 
also unsatisfactory, as the gases evolved during the 
later stages of the boiling operation cause much frothing 
and the solution is kept in the test-tube with great 
difficulty. 

It might be suggested that ammonium nitrate, al- 
though obviously necessary for the formation of the 
reddish oxide, would not be needed in the formation of 
the yellow oxide, since the zinc is already in the form of 
zinc nitrate at this point in the procedure. But when 





* Successfully used by students in our course in qualitative 
analysis. 
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tests were made without ammonium nitrate, the oxide 
was so spread out on the walls of the flask that small 
quantities were very hard to see. Ammonium nitrate 
is useful because, by careful manipulation of the melt, 
practically all of the zinc oxide can be brought to- 
gether in one place, so that when excess ammonium 
nitrate is driven off, the oxide of zinc is left in a compact 
mass. Its color, therefore, is readily distinguished. 
When the presence or absence of a small amount of 
zine is in question, it is important to be sure that all 
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oxides of nitrogen are driven off by heating at red heat 
for a few minutes, since occlusion of small amounts of 
nitrogen oxides may give a temporary yellowish dis- 
coloration. 

The precipitate of sulfur resulting from oxidation of 
hydrogen sulfide, and closely resembling zinc sulfide, is 
removed in greater part during the filtering operation, 
but traces carried through during the washing with 
nitric acid are eliminated later by oxidation with am- 
monium nitrate. 
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OMBUSTION experiments performed in the top 
C part of a Kipp apparatus, described by Ohmann 
in his excellent manual (1), have not received the 
attention they deserve. This is partly attributable to 
the cumbrous form and difficult cleaning of the appara- 
tus, and partly to the mistrust and aversion of teach- 
ers for experiments with fast-burning mixtures. The 
combustion vessel illustrated in Figure 1, operated with 
remote heat-control, makes such experiments easy, safe, 
and accurate. 

A few drops of combustible liquid are measured into 
the combustion vessel by means of a capillary pipet; 
then both ends are stoppered and equilibrium is at- 
tained by rotating the vessel for 10 to 20 seconds. The 
vessel is then placed in an inclined position, stem up- 
wards, on a straw ring. The upper cork is removed 
and a short paper tube is inserted into the stem (Figure 
3). Explosion is induced by means of a short piece of 
electrically heated nichrome wire or by a spark from a 
Ford coil. 

The shape of the vessel permits quick removal of ex- 
haust gases by swinging, and the experiments can follow 
in rapid succession. 

The boiling points, flash points, vapor pressures, and 
other relevant properties of common laboratory solvents 
are readily ascertainable from any handbook. The 
following explosion limits, expressed in terms of ml. of 
solvent introduced into a 2000-ml. vessel at 20°C., may 
serve as a convenient guide to the prospective experi- 
menter, however. 

Explosion Limits 
Lower Upper Optimum 
0.17 1.3 0.37 
0.26 0.39 
0.10 0.39 
0.11 0.27 
0.12 0.31 
0.11 0.48 


0.38 0.52 
0.20 0.30 


Solvent 
Ethanol 
Methanol 
Ether 
Gasoline 
Benzene 
Carbon disulfide 
Ethyl] acetate 
Acetone 

















FiGurE 1 
a, rubber tube. 6, cable with nichrome wire. 

The easy control of heating permits the demonstra- 
tion of differences in kindling temperatures and the 
influence of such catalysts as palladium asbestos, and 
finely divided oxides of cobalt, manganese, and copper. 

Decomposition of large molecules preceding ignition 
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is shown by a strip of celluloid fastened with a drop of 
collodion to the heating wire. The temperature is 
raised slowly until the strip is vaporized and the vapors 
are exploded (2). 

The réle sometimes played by solid combustibles of 
low kindling temperature in initiating the combustion 
of vapors may be suggested by attaching a bit of sulfur 
to the heating wire. 

The influence of ionization on the limits and the 
velocity of combustion can be demonstrated by vaporiz- 
ing in the vessel, filled with an explosive mixture, a bit 
of celluloid by means of a condensed spark from a Ford 
coil. The coil gives a highly ionized flame of constant 
length. 





FIGURE 2 


Ionization by charged metal particles may be 
effected by short-circuiting a strip of metal foil across a 
6-A., 110-v. line. 

Inhibition can be shown by adding iodine to the 
vaporized liquids. When trichloroethylene is used for 
this purpose the phosgene danger should be kept in 
mind. It is best to remove poisonous exhatist gases 
quickly by means of a water pump. 

Detonation of gasoline vapor can be induced by a 
trace of a fulminate fastened to the wire. 
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All kinds of combustible dusts (e. g., sugar, starch, 
coal) can be exploded when properly dried, by a match- 
head glued to the wire. The experiment with coal dust 
shows in a striking manner the danger of lighting a match 
in a coal mine. Otherwise inexplosive coal dust may 
become explosive by absorbing combustible gases (3). 





FIGURE 3 


The filling of the vessel for experiments with lighting 
gas is shown in Figure 2. The filling device consists of a 
two-hole stopper fitted with an inlet tube for gas and 
an outlet protected by an absorption tube packed with 
steel wool. The vertical tube (1 cm. X 60 cm.), 
fitted into the stem by means of a one-hole stopper, is 
corked at the upper end. When the effluent gas burns 
at the outlet with a bright flame the filling is finished. 
The filling device is then replaced by a one-hole stopper 
with a 7-mm. bore and the gas is lighted at the top of 
the uncorked vertical tube. The oscillatory character 
of the explosion (4) manifests itself in the deep musical 
tone of the flame which descends with increasing 
velocity and starts the explosion when it reaches the 
combustion vessel. The principle of the Davy safety 
lamp may be illustrated by means of steel shavings in- 
serted into the stem of the vessel. 

Many other experiments may be devised (5) with this 
simple and inexpensive, but efficient, apparatus. The 
author has had such an apparatus in constant use for 
five years. The experiments are not only attractive, 
forming a welcome visual support to lessons on safe 
handling of combustibles (6), but also constitute an 
introduction to the discussion of the kinetics of chemical 
reactions between gases and the possibilities of techni- 
cal application of recent discoveries concerning the 
mechanism of combustion. 


(1) Oumann, Orrto, ‘Unfallverhiitung,’’ Winckelmann, Berlin, 
1928, pp. 129-47. 

(2) “Celluloid fires,”” The Fireman, 55, 188 (1932). 

(3) Grass, W. E., ‘‘The dust hazard in industry,’”’ Ernest Benn, 
Ltd., London, 1925; BENGERSDORFER, ‘“‘Staubexplo- 
sionen,’”’ Steinkopf, Dresden, 1925. 

(4) MaxweELL, C. B. AnD WHEELER, R. V., Petroleum Times, 
21, 948 (1929); Ind. Eng. Chem., 20, 1044 (1928); Schild- 
wachter, “‘Verbrennungsverlauf,” Z. angew. Chem., 46, 
587 (1933). 

(5) LANGHANS, “Explosionen,” Dr. Schrimpf, Miinchen, 1930. 

(6) JorDaANn, Orrto, ‘‘Chemische Technologie der Lésungsmittel,”’ 
Julius Springer, Berlin, 1933. 














ELEMENTS of the QUANTUM THEORY’ 





GEOMETRICAL INTERPRETATION OF SURFACE 
SPHERICAL HARMONICSt 


ET US consider now the geometrical interpreta- 

L tion of the Legendre functions and tesseral har- 

monics which have been discussed in the pre- 
vious sections. 
The function 


(A cos myn + B sin mn)P7?(cos 6) (192) 


represents a surface spherical harmonic of kth degree 
and mth order. If m = O, the function has the form 
P, (cos 0), which is Legendre’s coefficient of the first 
kind, of degree k. This function is a polynomial of 
degree k and therefore has k distinct zero points be- 
tween cos 9 = —landcos@ = +1. As shown in the 
curves in Figure 23 and Figure 24 these ‘“‘nodes’’ are 
arranged symmetrically about cos @ = 0, 7.¢., 0 = 2/2. 
Hence, on a sphere with the origin as center, the func- 
tion P, (cos @) becomes 0 on k different circles, which as 
shown in Figure 26 correspond to different degrees of 
“latitude,” that is, they possess poles at @ = 0 and @ = 
mw. These circles are symmetrical with respect to the 
“equatorial” circle, and if k is odd, the latter is one of 
the set of circles for which P, (cos 0) = 0. Further- 
more, as shown by the plots of the functions, since the 
value of any function P, (cos 6) exhibits k—1 loops, 
there are 2(k—1) circles parallel to the nodal circles at 
which the function has the same absolute value. It is 
for this reason that the Legendre coefficients of zero 
order are known as Zonal Harmonics. ‘The point @ = 0 
is designated the Pole, and the diameter through the 
pole, the Axis of the zonal harmonic. 

For m greater than 0 and less than k, the functions 
are represented by the expression, 


(A cos mn + B sin mn) sin™@- d™Pi(cos 6) 


d™(cos 0) 
This may be written in the form 
V/A? + Bsin(mn + 4)-sin™ p See (193) 


where A = sind, and B = cos6. It vanishes for mn = 





* This is the sixth of a series of articles presenting a more 
detailed and extended treatment of the subject matter covered 
in Dr. Dushman’s contribution to the symposium on Moderniz- 
ing the Course in General Chemistry conducted by the Division 
of Chemical Education at the eighty-eighth meeting of the 
American Chemical Society, Cleveland, Ohio, September 12, 
1934. The author reserves the right to publication in book form. 

+ This section is taken to a great extent from the discussion in 
T. M. MAcRosert’s “Spherical harmonics,” pp. 1381-2. juggs 
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—dand myn = z—6. Ona sphere, as shown in Figure 
27, this corresponds to m great circles through the pole 
6 = 0 (circles of ‘‘longitude’’), distributed symmetri- 
cally, so that the angle between the planes of any two 
consecutive circles is equal to 7/m. 

The factor sin” @ is equal to zero only at @ = 0 and 
6 = zm. The differential coefficient d”Px(x)/dx. is 
represented by a function which is the mth derivative 
of a polynomial of degree k. Thus the highest power of 
x has the value k—m, and the function has kR—m 


G=0 


6=T 


FIGURE 26.—GEOMETRICAL ILLUSTRATION OF ZONAL HARMONICS 














Pees — — | 


FIGURE 28.—GEOMETRICAL 
ILLUSTRATION OF SECTORIAL 
HARMONICS 


FIGURE 27.—GEOMETRICAL 
ILLUSTRATION OF TESSERAL 
HARMONICS 


zeros on circles with @ = 0 as pole, which are arranged 
like the corresponding circles in ‘the case of the zonal 
harmonics. Since the two sets of circles intersect 
orthogonally, these harmonics are designated Tesseral 
Harmonics. Figure 27 shows the model squares corre- 
sponding to these harmonics. 

For m = k, the differential coefficient becomes a 
constant factor, and the spherical harmonic is of the 
form 

/A? + B2-sin(kn + 4)sin*@ " (194) 

As pointed out already this vanishes on k great 
circles passing through the points 0 = 0 and @ = 7, the 
angle between the planes of any two consecutive circles 
being 7/k. Since the sphere is thus divided up into 
2k sectors, as shown in Figure 28, these functions are 
known as Sectorial Harmonics. 

For any given value of 7, equation (194) is the same 


gereneomeurene 
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as (191), and it is evident that as the value of k is 
increased, the function tends to assume appreciable 
values in an increasingly narrower region symmetrical 
about the equatorial plane. The interpretation of this 
result from a physical point of view is considered in the 
following section. 


THE PHYSICAL SIGNIFICANCE OF THE CHARACTERISTIC 
FUNCTIONS 


We may now consider the significance of the some- 
what tedious calculations and seemingly complicated 
results that have been derived in the previous sections. 

The problem to be solved is the following. Given 
a diatomic molecule, what will be the possible energy 
states and modes of rotation for such a molecule? 
The problem first originated because of the observa- 
tions on the temperature variation of the specific heat 
of diatomic gases. In order to account for the increase 
in specific heat with temperature, it was found neces- 
sary to assume that in addition to kinetic energy of 
translational motion, diatomic molecules also possess an 
energy due to rotation about an axis of symmetry pass- 
ing through the center of gravity. 

On the basis of ordinary mechanical concepts, the 
method of determining the energy states of such a 
system for the case of rotation in a plane, was as fol- 
lows: 

Referring to equation (155) it is evident that for ro- 
tation ina plane, 6 = d6/dt = 0,andsin 6 = 1. Hence, 
this equation becomes 


which shows that 7 = dn/dt = a constant, since 7 is a 
constant of the molecule. Hence, the angular velocity 
is constant; that is, the molecule rotates with constant 
angular velocity about an axis perpendicular to the line 
joining the two atoms. 

The angular momentum is derived by means of the 
definition which states that the momentum correspond- 
ing to the motion with respect to any codrdinate, gq, is 
given by p = 0E/dq, where E is in general a function 
of two or more coérdinates and the corresponding ve- 


locities. Thus, in the case where E = 50 + v3 + 23), 


Pz - 0E/dv, = wU;. 
Hence it follows that 


pn = a = urin = /2Eur2 = V2E!. (195) 
i] 


In order to determine the discrete series of values 


of the energy states the so-called Wilson-Sommerfeld 
quantizing condition was introduced, according to 


which 
& pydn = mh 


where m = 0, 1, 2, 3, etc. 
It follows from (195), since p, is a constant, that, 


(196) 
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2rV/2E, 1 = mk, 
that is, 
m2h2 
=o i 

For the case of rotation in space (the case desig- 
nated as the rigid rotator with free axis) the classical 
theory also led to the result expressed in the last equa- 
tion, since the mass yw must always describe an orbit 
which consists of a great circle on the surface of a sphere 
of radius 7. 

But observations on band spectra, in which the lines 
constituting individual bands are due to transition 
between states differing in amounts of rotational en- 
ergy, showed that this result was not quite satisfac- 
tory. On the. basis of the S. equation, as shown in 
equation (159) the same result is deduced, if it is as- 
sumed that the molecule is capable of rotation in only 
one plane. The result deduced in equation (171) is, 
however, in very good agreement with observations on 
band spectra. Hence, we conclude that diatomic 
molecules possess two modes of motion about their 
center of gravity, one in which there is a rotation in 
the plane containing the axis of the molecule, about an 
axis of symmetry at right angles to this plane, and an- 
other which corresponds to a precession of the axis of 
the molecule about the axis of symmetry. 

Now it is the essence of the S. equation that it starts 
with this physical model and then, instead of discussing 
the consequences to be deduced from this model by 
classical mechanics, considers a partial differential 
equation which is derived from the physical model by 
a definite mathematical procedure, and which repre- 
sents mathematically the propagation of a wave motion. 
We abandon, as it were, the concrete, tangible model 
of a dumb-bell shaped mass rotating about an axis and 
consider instead the nature and properties of certain 
wave patterns obtained by solving the partial differen- 
tial equation. 

In the previous sections it was found that correspond- 
ing to each energy state of quantum number k, as de- 
fined by equation (171), there are 2k+1 characteristic 
functions which represent 2k + 1 different possible 
modes of vibration. The next question to be consid- 
ered is this. What is the physical interpretation of 
these functions which we recognized as Legendre poly- 
nomials of the first kind? 

As in the case of the characteristic functions, ¢ 
(‘‘amplitude” functions), deduced in solving the prob- 
lem of the linear harmonic oscillator, we assign physical 
interpretations to ¢¢ or ¢?. In the case of the rigid 
rotator in three dimensions, the function ¢ has the value 


— cing Hae a (x = cos @) 
where WN is the normalizing factor for the particular 
Legendre polynomial. This is determined from the 
relation 
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FIGURE 29.—PLOTS OF THE ZONAL DISTRIBUTION FUNCTIONS 
CORRESPONDING TO k = 3 





—(1/N)* {Pos 6)}2 sin od0 = 


C/N) f" LP. (de = 


maf, {PMs 6)}?sin ede = 1 (197) 


Hence (1/N)?{Pz (cos 6)}? sin 0d0 is regarded as 
representing the probability of locating the particle in 
the region on the surface of a sphere lying between the 
zonal circles @ and @ + d6, while (1/2r)eé™e*™ dn = 
(1/2m)dn, represents the probability of occurrence in 
the meridian section located between the angles » and 
n + dn. Evidently this probability is independent of 
n. 

From equation (149d) it follows that the element of 
area, dA, on the surface of a sphere of unit radius is 
given by 


dA = sin 6d0dn 


and the probability of locating the particle in this area 
at the angles @ and 7 is 


(198) 


PdA = P,, (cos @)} sin ed0dn 


pe Rr 
2rN? 


1 
2, ee 2 " 
Hence P 5 wil? (cos 0) }* corresponds to a prob 


ability per unit area or ‘“‘probability-density.”’ 

From values of the normalized polynomials as func- 
tions of 0, such as illustrated in the plots shown in Fig- 
ure 25, it is possible to calculate both P and P sin 8, 
and results obtained in this manner are illustrated by 
the plots shown in Figures 29, 30, 31, and 32. The 
first two figures give values of P sin 6. The designa- 
tions on the curves and the corresponding normalized 
functions are as follows: 


{P8(cos 6)}? sin 6 
{P2(cos 0)}? sin 6 
{P2(cos 6)}* sin 6 
{P3(cos @)}* sin 0 


For comparison there has also been plotted, as curve 
Aoo in Figure 30, the function 
(1/.N?){Po(cos 6) }? sin 8 = (1/2) sin @. 


Since 
fram sin 6d0 = 1 


and the total area under each of the curves shown in 
Figure 29 and Figure 30 is equal to 1, the average ordi- 
nate is given by 1/7 = 0.318. This has been indicated 
by the straight line BB in the two figures. 
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FIGURE 30.—PLOTS OF THE ZONAL DISTRIBUTION FUNCTIONS 
CORRESPONDING To k = 3 


If now we compare two zones of equal widths, at the 
angles #; and 62, it is evident that the areas of the two 
zones will be 27 sin 0,d0 and 27 sin 6.40, where d@ is the 
width of each zone, and the radius of the sphere is 
taken as unity. Hence the relative values of the prob- 
ability-density as given by P in equation (198), and 
plotted in Figure 31 and Figure 32, are quite different 
from the values P sin @ shown in Figure 29 and Figure 
30. In the former, the distance from the center to any 
point on the curve gives the relative value of P at 
the corresponding value of 6. In Figure 31 the func- 
tion {P3(cos 6)}2/N? has been plotted and should be 
compared with the curve Ao; in Figure 29, while the 
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plot in Figure 32 which corre- 
sponds to {P3 (cos @)}*/N? is 
to be compared with thecurve 
A33 in Figure 30. 

Intermsof the modelof adi- 
atomic molecule these curves 
indicate that the axis of 
the molecule will tend to be 
oriented with respect to the 
axis of symmetry in those di- 
rections for which P is a maxi- 
mum. This interpretation is 
most readily evident from the 
plot As; in Figure 30 and the 
corresponding plot in Figure 
32. In this case there is a 
relatively narrowregion about ‘ 
the value @ = 2/2 for which - 
P is a maximum. As the 
value of k is increased (keep- 
ing m = k), the width of this 
region decreases rapidly. 
That is, in the rotational 
states of higher energy con- 
tent, the molecule will tend 
more and more to rotate 
about an axis of symmetry at right angles to the axis of 
the molecule. 
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ANGULAR MOMENTUM FOR MOTION OF ROTATOR 


In Chapter II, it was shown that in case of motion 
along a coérdinate x, the corresponding momentum is 
obtained by solving the equation 


do 
Qni dx aa 

If the result of performing the operation on the 
right-hand side of this equation is of the form ag, 
where a is a constant, the conclusion is drawn that this 
will be the value of the momentum observed in any 
experiment arranged for this purpose when the particle 
is in the state designated by the eigenfunction ¢. 

In the case of angular momenta equation (199) is not 
applicable, as appears from the following consideration. 
In the case of the rigid rotator in space, the equation 
for the kinetic energy in terms of the angles @ and 7 
and their corresponding angular velocities is given, ac- 
cording to (155d), by 


2 
E = “2(§2 + sin¥-72). 


But the angular momenta are given, in accordance 
with equation (195), by 


oF ; ‘ 
Py “ee ~ 


= = = ur sin?6-7 = I sin?0-n 
on 
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Hence, in terms of the angles and corresponding 
angular momenta, the so-called Hamiltonian form of 
expression for the energy, EZ, becomes 


1 1 
E= ao #3 + 5° pt) 

If the same rule were followed as that used for con- 
verting an expression for E in terms of rectangular co- 
ordinates and their corresponding momenta into a S. 
equation (see Chapter II), the resulting differential 
equation would be of the form 
a Se oe o3) 
~ 8r2I\ 00? sin?@ On? 


(200) 


Ee 


that is, 
o* 1 oO? 8r2IE 
Oo" se thats Oo" a Se 


09? sin?@ On? h? Dati 


which obviously is not identical with equation (156), 
and is not the correct form of S. equation to represent 


the particular problem. 
60 \' 
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FIGURE 32.—PROBABILITY DENSITY FUNCTION CORRESPOND- 
ING TO ASSOCIATED LEGENDRE Function, P3 (cos @) 














We will now try to deduce a rule for calculating the 
angular momenta with respect to 6 and 7 for the case of 
a rotating body, on the basis of wave mechanics. Asa 
first step we consider the relation which exists according 
to ordinary mechanics between the angular momentu.n 
with respect to the z-axis (the axis from which @ is 
measured) and the linear momenta, p, and py, with re- 
spect to the x- and y-axes, respectively. In order to 
simplify the calculations we shall assume that the mo- 
tion occurs in the XOY plane only (see Figure 22a), so 
that d0/dt = O0and @ = 7/2. 

In that case we have the following relations, 

= rcos 7; dx = —r sin ndn + cosy dr (2) 

= rsinn; dy = r cos ndn + sinn dr (it) 
Hence 


xdy — ydx = (xr cos n + yr sin n)dn + (x sin 7 — y cos n)dr 
= rdn (ii2) 


since x? + y* = r’, and the coefficient of dr is equal to 


zero. 
But 


pr?dn/dt = urn = Mz, 


where M, denotes the angular momentum with respect 
to the z-axis. Therefore we have the relation 


M, = u(xy — yx) = xp, — yp, 
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Now in deriving the S. equation from the expression 
for the energy in terms of rectangular codrdinates and 
associated momenta, we set 

Pale, ih, ee pl. Ag, 
Po Os Se, Det” dy 

We therefore conclude that in quantum mechanics 
we are justified in assuming that M, may be used as an 
operator, which is defined by the relation 


h ra) fe) 

= sal Oy “at =) 

Now let us assume that we have any function F which 

is a function of the coérdinates 7 and 7, or of the co- 

ordinates x and y. We have the following relations 

between the differential coefficients: 

OF | dy 
dn 


(i) 


and 
dy. 
dr 


Substituting from (2) and (77) it follows that 


OF _ = OF (= ra) re) F (v) 

on by oe dy 7 dx ‘ 

Hence we conclude, by comparing (7v) with (v), that 

as an operator 

hy 0 

Me = Ori On 

Thus, in the case of the rigid rotator with fixed axis, 
the normalized function, as given by equation (165) is 


Zem = +¢imn/\/2n. 


Therefore, in order to determine whether the angular 
momentum has a definite value, we consider the equa- 
tion 


(201) 


h OZ _ 


(== + imn = = yA 
Qi On ~ Ont jeaaia Qe 


V 2x 

That is, M, operating on the function Z, yields as a 
result a constant multiplied by Z. Hence, we conclude 
that an experiment arranged to determine the magni- 
tude and sign of the angular momentum would lead to 
a value +mh/(2m), depending on the relation between 
the direction of rotation and that of the perturbing field. 
In this case the result deduced by the operator method 
is identical with that deduced by ordinary mechanics, 
when the quantizing principle, equation (196), is intro- 
duced. As stated previously, the observations on 
band spectra show that it is not correct to treat the 
problem of a rotating molecule as one in only two di- 
mensions. It is therefore necessary to determine 


M,Z = (202) 


what the form of the operator must be for the case 


of a rotator in three dimensions. 

This case is somewhat more complicated because, as 
is evident from equation (200), the angular momentum 
terms for @ and 7 do not enter into the expression for E 
in the same manner. It turns out* that under these 

* This is discussed more fully by E. C. KEMBLE, Phys. Rev., 


Supplement, 1, 157 (1929); also see J. FRENKEL’S ‘‘Wellenme- 
chanik’’ pp. 248-53 (1929 edition). 
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circumstances it is most convenient to calculate the 
square of the resultant angular momentum vector, M?, 
which is defined thus: 

M? = M3 + M} + M? 


and as an operator, this is defined by the relation 


2 2 - 
-z| (v2 de ~2-3 + (22-22) 


fe) o\? 
+(*-3- 7%) | 
Introducing spherical codrdinates, and proceeding as 
in the case of the single variable, 7, it may be shown that 


the differential equation for the determination of M? is 
of the form, 
Wri oo Op 1 
4x*| sin 0 “5; (sino: a) + sin? @ 3] aw a 
That is, M? as an operator has the form 
re) h? 


_ mal aa'se (sin?) + I 2 
4nr*Lsin @ 08 \" 00 sin? @ "On? _ 


M? = 


(203a) 


M? = 


where {2 is an operator of the same type as the La- 
placian operator V*. In fact equation (150) may be 
written in the form 


mS 1 3? ne) 


v6 = ha6 + F(a 42 SF e+: (204) 


Equation (203a) may therefore be written in the form 


2 
(ae + i a) = 0 (203d) 


Similarly equation (156) may be written as 
h2 
(227 + 752)6 = 0 


The solution of the latter, as shown already, is 


kk + 1h? 


an = 


Hence the solution of (203) must also be the same. 
That is, 
k(k + 1)h? 


4? 


M? = (2052) 


while, as deduced in equation (202) 


oe (2058) 
2r 


Equation (205a) leads to the conclusion that the /ofal 
angular momentum of the rotating system may be desig- 


h eee 
nated by a vector M, whose magnitude is =v. k( k+ 1) 


and that the component of this vector along the z-axis 
is given by mh/2r. In terms of a unit vector of magni- 
tude h/(27), the total angular momentum and the com- 
ponent of this vector along the z-axis are therefore 
Vk(k + 1) and m, respectively. 

These results are specially significant in connection 
with the problem of the hydrogen atom, which is dis- 
cussed in the following chapter. 





APPENDIX III 


EXPANSION OF AN ARBITRARY FUNCTION IN TERMS OF AN 
ORTHOGONAL SYSTEM OF FUNCTIONS 


In subsequent discussions we shall have occasion to 
make use of the very important property of orthogonal 
normalized functions which is expressed in the form 


ff tvtm dv = 0 (m n) 
= N2(m = n) 


where ¢, and ¢» are any two eigenfunctions of the 
system, N is the normalizing factor, dv is the element 
of volume, area, or length, and the integration is ex- 
tended over the whole region in which the functions 
are applicable. 

As has been mentioned previously, the simplest type 
of normalized orthogonal expressions are the trigo- 
nometric functions 


(1/7) sin m@é and (1/V7) cos 6, 


for which the limits are 0 and 27, so that 


2a 2a 
f cos mé cos néd9 ={ sin mé@ sin n6d9 = 0 (m # Bt (i) 
0 0 = 


x(m = n) 











SSE e 4 4 Eee 
20 40 60 80 #0 


























FIGURE 33.—ILLUSTRATING FOURIER’S SERIES ANALYSIS 


By means of this relation it becomes possible to 
develop any given function of @ in terms of the sines or 
of the cosines of multiples of 6. Series involving only 
these trigonometric functions, that is, series of the form 


+ dy, cos nx + 
+ by» sin mx + 


ao + a, cos x + a2 cos 2x + 
b; sin x + by sin 2x + 
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are known as Fourier’s series. The possibility of ex- 

pressing any arbitrary function of 6 in terms of such a 

series may be illustrated by the following examples. 
(1) It is required to develop the function f(@) = 6 


as a sine series for the region 6 = 0Oto@ = 7. We have 
6 = a, sin @ + a@ sin 26 + + ad, sin n6 + 


Let us multiply each side of this equation by sin n6d@ 
and integrate between 0 and z. Then 


T iT Ls 
f, @sin nedo = af sin sin néd0 +... +a f sin? ned@ +... 
0 0 0 


Because of equation (7) all the terms on the right- 
hand side, except the one involving sin’”0, vanish. 
Hence we obtain a relation for determining @,, which is 
of the form 


an = = 6 sin n6d@ (it) 
TJO0 


d(@-cos n@) = —né@-sin néd@ + cos né- dé 


Now 


= —n6-sin nodé + t - d(sin 6) 


Hence 


Cdn utde m:« igen + sin no 
0 n 0 n 10 


oo 
n 
since sin 6 = O for 6 = 0 and @ = 7a, and cos mz = 
(=I. 
In a similar manner all the other coefficients, a1, do, 
etc., may be determined and the required development 
has the form 


el sin@  sin26 | sin30 _ nid 
9 = 2( i 5) 3 aim (iit) 
Figure 33 shows in the left-hand series of plots, the 

straight line y = 6 from @ = 0 to @ = 7, and the <uc- 
cessive approximations to this line which are obtained 
by taking 

wy = 2 sin 0 

yo = 2 sin 0 — sin 20 

43 = 2 sin 6 — sin 20 + (2/8) sin 30. 


It will be observed that while the series does not 
converge very rapidly, the curves gradually approxi- 
mate y = @ more and more closely, with increase in 


number of terms. 
(2) It is desired to express x? as a cosine function 


for the range, x = —ctox =. 
: f TX 
We introduce a new variable, z = —, so that 
Cc 


g = —aforx = —c, ands = zforx =c. Then, 


2 
w= (Es) = a +a, cosz + a,cos2z2+.... (i) 


Multiplying each side by cos mzdz and integrating 
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between the limits, all coefficients on the right-hand 
side, except d», f cos? nzdz, vanish, and we obtain 


the relation for determining a,, of the form 
c? Ls Le 
== 22 cos nzdz = An f cos? nzdz = an- 
cs —1 —r 
that is, 
c 7 
= 2? cos nz-dz 


pe ae 


nz? cos nzdz + 22 sin nzdz 
—nz sin nzdz + cos nzdz. 
‘ 


Ls rT 
f 2? cos nzdz f z sin nzdz 
—_ —t 


Pay i ’ : : 
— = 2 sin nzdz (since sin nx = 0). 
n -T 


Now d(z? sin nz) 
d(z cos nz) 


Hence 


2 ‘ 1 al 
— | 2 cos ns | See cos nzdz 
n —7T n - 


i. % 4x(—1)” 


n -—T n? 


Therefore 
_ hde(—1)" _ 402-1)" (vii 


rn? an? 





The coefficient ap) is determined from the relation 


Ce 7 7 
at f 22dz = b aodz, since cos 0 = 1. 
v —T —T 


That is, 


2c?r3 od 1 fe 
ao27 = = ~—j3; = = = - x?dx 
3x? ’ 3 c Jo 


2Qrx 3rx 


Consequently, the development for x? is of the form 
ote Mgt Wx 1 1 
“( OT Fel 


© — 6 (cos * — 5 ..) (iti 


c 2? 

The curves on the right-hand side of Figure 33 show 
the parabola y = x? at the top, and the straight line 
y = c*/3, which is evidently the average value of x? 
over the range 0 toc. The other curves correspond to 
the expressions: 


wis 


As shown by the plot of ys, this expression corre- 
sponds fairly closely to y = x? for the range x = 
+().75-c and by using more terms, the range over which 
the series represents the parabolic function may be 
made to approach x = +c very satisfactorily. 

More generally, any function f(x) can be ‘expressed 
within a definite range of value of x in the form 


@ @ 
a a! a, cos nx + > bp sin nx 
1 1 


1 “ 2 NnX © 
= ff) -00s "7 dx 


“e 
1.¢ . nmx © 
Dn = fs a ah dx: 


The possibility of obtaining such developments of 
an arbitrary function depends, evidently, upon the 
existence of the orthogonality relation expressed by 
equation (7).* The same type of reasoning may be 
applied to develop an arbitrary function of x between 
the limits 0 and © in terms of a series of Hermitian or 
Laguerre polynomials. 

Thus if f(x) is a function which tends to vanish for 
x = +o we can obtain the coefficients a, in the series 


f(x) = e—**/2 | ank(x) + a,Hy(x)... QnHn(x) +.. : 


from the relation, 
f, * F(x)-e-*7/2 - Hy (x)dx 
Lt e—*. H,?(x)dx 


= Qh—1y] Va ffee* 2. Hy(x)dx 





a= 


(ix) 


Similarly, f(@), an arbitrary? function of 6, may be 
represented in the range t > @ > 0 by the series of 
Legendre coefficients of zero order, in the form 


f(0) = AoPo(cos 0) + AiPi(cos 0) +... + AnPr(cos 0) +... 
where 


f "f(0)-Px(cos 6)-sin ed@ 
A, = 2 





ff, }Patcos 6) f i 6d@ 


. + ; f "#(0)-Pn(cos 6)-sin 6d8. (x) 


Even if the integral in equation (7x) or (x) cannot be 
calculated by direct integration, it can always be 
evaluated by plotting the integrand (that is, the ex- 
pression to be integrated) as a fynction of x or @ and 
determining the area under the plot graphically. 
However, in most cases, it is possible for the ex- 
perienced mathematician to develop a convergent series 
for the integral, by means of which its actual value 
may be determined. 


* The treatises by W. E. BYERLY AND MACROBERT are the most 
comprehensive on this topic. A more elementary discussion of 
Fourier’s series is given by L. R. INGFRSOLL AND O. J. ZOBEL, 
“An Introduction to the Mathematical Theory of Héat Con- 
duction,’ Ginn and Company, Boston, 1913, which gives numer- 
ous applications of these series. An elementary discussion of 
Fourier’s series and spherical harmonics is also given by D. 
HuMPHREY, whose treatise is mentioned in the references cited 
in Chapter II. An excellent discussion of Fourier’s series with 
applications is given in R. A. Houston’s ‘‘An Introduction to 
Mathematical Physics,’”’ also mentioned in the list of references. 

} “Arbitrary” in the sense that it is possible to plot the func- 
tion graphically. 





NOTE on DETERMINATION 
of EQUIVALENT WEIGHTS 


N. M. SHAH 


Karnatak College, University of Bombay, Dharwar, India 


F THE different methods of determining the 

equivalents of common elements, that of dis- 

placing hydrogen from an acid by reaction with 
a metal like Zn, Al, Mg, etc., is of high pedagogical 
value from various standpoints. Naturally, there- 
fore, an experiment involving this method is usually 
given to an elementary chemistry class. 

The essential part of the experimental procedure con- 
sists in collecting the hydrogen evolved. Two meth- 
ods are commonly followed: (1) direct collection and 
measurement of the gas evolved; (2) collection and 
measurement of the equivalent volume of water dis- 
placed by hydrogen. The object of this note is to com- 
pare the methods, pointing out their relative merits 
with regard to (a) apparatus used, (5) their suitability 
for large freshman classes, and (c) the results obtained. 

The direct measurement of the volume of hydrogen 
can be easily accomplished by collecting it in a gradu- 
ated eudiometer tube.* The eudiometer filled with 
suitable acid and water is inverted over a weighed 
piece of the metal taken, in a dish containing some 
water. The only precaution necessary is to avoid the 
entry of air bubbles during the above operation.t The 
whole arrangement is shown 
in the accompanying diagram 
(Figure 1). The volume is 
read at barometric pressure 
by transferring the eudiome- 
ter to a cylinder full of water 
and adjusting the levels inside 
and outside to coincidence 
(Figure 1b). 

This method requires very 
simple apparatus which can 
be supplied to a large class; 
it is easy to work with; and 
the results are very satisfac- 
tory, as will be shown in the 
table given (vide infra). 

The only difficulty en- 
countered is the extremely 
slow reaction in the case of a metal like aluminum, 
but this can be rectified, the amount of the acid to be 
used depending upon the nature of the metal taken. 






































as el 


FIGURE 1 FiGuRE 106 


* In case graduated eudiometers are not available, an ordinary 
glass tube (diam. about 1 cm.), closed at one end, works very 
well. In the diagram, an ungraduated tube is shown.’ In this 
case, an extra measuring cylinder (100 ml.) is to be supplied. 

+ For complete details of the experiment, see SHau, ‘‘Practical 
chemistry,’’ 2nd edition, The Students Own Book Depot, Dhar- 
war, 1933, pp. 37-8. 


While magnesium requires hardly 4-5 ml. of conc. 
HCI, in the case of Al, about 5 to 6 times that amount 
of the acid has to be taken to hasten the reaction. 

This method is especially suitable for demonstration 
purposes. The reaction is completed in a very short 
time. It is rather strange that few books on practical 
chemistry devote any attention to it. 





























FIGURE 2 


The second method requires a little more elaborate 
apparatus. Numerous authors of books on practical 
chemistry advocate the use of either a liter flask or a 
bottle fitted with a two-hole stopper, as the ‘siphon 
bottle” in which hydrogen is collected, displacing an 
equivalent volume of water. 

This arrangement of apparatus, though good in it- 
self, is not very satisfactory, because: (1) often it 
happens that there is a slight leak, leading to errors in 
the result; (2) the elementary student becomes dis- 
appointed at his inability to set up an air-tight appara- 
tus; (3) there is a great deal of recurring waste of corks 
and glass tubing. 

This deficiency in apparatus has been successfully 
remedied. It is found that an ordinary gas-washing 
bottle (Drechsel’s pattern) of about 250-ml. capacity 
serves as an excellent substitute for the purposes of 
this experiment. The diagram shows the complete 

ft See: Bruce AND Harper, “Practical chemistry,’”’ Macmillan 
Co., 1925, p. 243; A. Smitu, “Laboratory outlines of elementary 
chemistry,”’ G. Bell & Sons, Ltd., London, 1915, pp. 41, 135; 
Ho_myarbD, “‘Practical chemistry,’’ G. Bell & Sons, Ltd., London, 


p. 29; LupLAM AND PRESTON, “Experimental chemistry,” 
Edward Arnold & Co., p. 48; and others. 
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arrangement of the apparatus (Figure 2). All other 
arrangements are the same as previously described.* 
The reaction flask (shown in the diagram) can be con- 
veniently replaced by a hard-glass test tube, as it has 
been experienced that it can be pressed into the cork very 
tightly without much danger of breaking. 

This apparatus also serves very well for experiments 
on the determination of molecular weights of gases in- 
soluble in water.* 


SUMMARY 


1. In the equivalent determination of metals by the 
displacement method, the direct collection of hydrogen 
by eudiometer gives good results. The method is 
suitable for large classes because of the simple appara- 
tus required. : It is a very convenient experiment for 
demonstration purposes. 





* For complete details of the experiment, see SHAH, Joc. cit., 
pp. 40-3. 


(Also cf. A. Smiru, loc. cit., p. 136.) 
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TABLE SHOWING THE RESULTS OF EQUIVALENT DETERMINATIONS 
oF DirFERENT METALS BY THE ABOVE METHODS 


Eudiometer Method Siphon Bottle Method, using 
Gas-washing 


Metal 


Old pattern bottle as 
siphon bottle siphon bottle 
Zine 31.45 29.5, 30.2 31.8, 32.12 
33.8 31.9 
Magnesium 11.97, 12.1 “a 11.9, 12.2 
Aluminum 9.1 8.46 9.02 
Tin Pee Be 58.1 
Note—1l. Metals used were ‘“Merck.”” 2. The results are taken from 


an equivalent determination by a class of 60 undergraduates. 3. In all 
these determinations, conc. HCl (suitably diluted) has been used. 4. In 
the case of tin, the reaction flask or tube is heated after dropping the metal 
into the acid, to start the reaction. 


2. The apparatus for the siphon-bottle method has 
been modified. Excellent results are obtained by 
using an ordinary gas-washing bottle as a siphon bottle. 

The author wishes to acknowledge his sincere ap- 
preciation for the helpful ciriticism of Mr. R. L. Alim- 
chandani. 












MATHEMATICAL 





PROBLEM PAGE 


Directed by EDWARD L. HAENISCH 


EpiTor’s Note: Since no new mathematical operations 
are introduced in the concurrent and several succeeding 
instalments of Dr. Dushman’s series the presentation of 
correlated problems will be suspended for the present. 
Next month’s problem page will deal with graphical 
integration. 


SOLUTIONS TO JUNE PROBLEMS 














1 Hy(x) = (1) et FE (A) 
Hy(x) = (2x)" — "YD ayn g 

n(n — ie = 2)(n — 3) (2x)"-4 — ...(B) 
Multiply (B) by e?? e~? 
Hels) = ete] (nye — MAD anys + 

n(n — 1)(n — 2)(" — 3) py, 4 _ 
12 (2x) - rid 
A and B are equivalent if: 

d” e~7? ee ee. Te) 
aa = (—I)re [ex eae ge? ofp 

me = WG =D) xy — ...] ©) 


This last identity can be proved by mathematical induction. 
Take the derivative of each side: 
|+ 


(2x)"—3 


qr +i e~z? 


dx" +3 


e-#*[ 2n(@uyr-t is 


= (=1" | (-2ae-# | 
2n(n — 1)(n — 2) 
1 





Montana State College, Bozeman, Montana 











re 2n(n — 1)(n — 2)(m — 3)(n — 4) Se er are ) 
1-2 j 
da” +1 p—2z2 — 1 
aa = (—1psttenst[ (ays = (28 ) + 2n) 
=i Ge = 2 * 
(2x)n-1 4 (“* vee 2)(n — 3) + 
2n(n — ie =) (2nyn-* a rue] 
This is the same as (C) with + 1 substituted for n. The 
equivalence of (A) and (B) is therefore proved. 
By direct substitution in (B) 
? 5.4.3.9 
Hex) = (2x)§ — 73 (anys + 7S? (ax) 
= 32x5 — 160x° + 120x. 
dH,(x) _ : ; 
2.  * 2nHn-1 (x) (120) 


Differentiate (B) of problem 1. 


dH,,(x) aula — Ie — 2) 2 
war i Gzp-* + 
2n(n — 1)(n — 2)(n — 3)(m — 4) 


1-2 


= 2n(2x)"-1 — 








(2e)e—-8 — ... 
Combine the terms: 
= 2n [ exp a fe — is = 2) (Qx)"-3 4 
(n — 1)(m — 2)(m — 3)(n — 4) (2x)"—5 — cna 





1-2 
= 28H —, (x). 
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(» + DO) (ayant 4 


H(n+1) (x) = (2x)"*+! — 
(n + 1)(n)(n — 1)(n — 2) an 





1-2 
— WH =D) aout 4 


(n)(n — 1)(n — 2)(n — 
1-2 


2n(n — 1)(n — 2) 
1 


2xH,(x) = (2x)"*+} 


3) (axje-3 — 








2nH,-1 (x) = 2n(2x)*-* — (2x)"-3 +... 


Combine these as follows: 
Hn+1 (x) — 2xHn (x) + 2nHn-1 (x) = 
[2 se (n + He) 4 n(n 7 2] (Qx)n-1 + 
[“ + 1)(n)(n — 1)(n ~ 2) ee 2n(n — 1)(n — 2) ee 














1-2 1 
n(n — ie = 2)(n — >) (2x)"-8 
Since each [ J}=0 
Hna+1 (x) — 2xHn (x) + 2nHy -1 (x) = 0 (121) 
3. @ = e-**/2 Hy (x) (D) 
Zz = e—%°/2 Hy (x) — xe—**/2 Hy (x) 


By use of (120) 
& = 2ne—x*/2 H,~- (x) — xe—*?/2 H, (x) 
dx 
d*p ‘ 2 ' . Cini eey ca eee i 
—* Qne—*x?/2H, _1(x) — 2xne—**/2 Hy-1 (x) — e—*?/2An (x) + 
dx? 
xe—x?/2 H, (x) — xe—x*/2 Hy (x) 
= 4n(n — 1)e—**/2 Hy_2 (x) — 4xne—*?/2 HF, _1 (x) —e—**/2H2 (x) 
+ x%e—x?/2 H,, (x) (E) 


dp do dx dp __ d* (2) dp dx 





= 
t 
ro 
©. 
s 
ll 





qvb; dq dx dq’ dq dx*\dq dx dq? 
Vice = 0; $e = 058 (F) 
In the differential equation 
Gat pr (E—2xtvdug’) @ = 0 
let a = are and 6 = li 2 


" ° dy = 272 —_ 
Then: dg + (a — bg’) ¢ = 0 


The substitution into this equation of (D), (E), and (F) gives: 
4bn(n — 1)e—**/2 Hy_2 (x) — 4bxne—**/2 Hy_ 1 (x) 
—be—x*/2 H,(x) + bx’e—x*/2 H, (x) + (a — bx*)e—**/2 H, (x) = 0 


Divide by e—**/2 and collect terms 
4bn(n — 1)Hn-2 (x) — 4bxnHn-1 (x) — bH,(x) + aH, (x) = 0 


By the use of (121) 


2xHn-1 (x) — Hn (x) 


caaeen il an —1 





Substitute this, and obtain 
(a — 2bn — b) H, (x) = 0 


This holds if n = % 


ea 1, a condition required in the text. 






or 


6. 
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y, = 2 = e—x*/2 (4x? 3 2) 

y’ = 8xe—x*/2 — xe—x*/2 (4x? — 2) = e—**/2 (10x — 4x3) 
y’ = Owhen x = 0, + V5/2 

y” = e—**/2 (10 — 12x?) — xex*/2 (10x — 4x3) = 


e-*?/2 (4x4 — 22x% + 10) 







y” = Owhenx = +V5; +V1/, 

x y y’ y" remarks 
—V5 1.478 0 pt. of inflection 
—vV5/. 2.350 0 _ max. 

—-vi/, 0 0 pt. of inflection 

0 —2 0 + min. 

+vi/. 0 0 pt. of inflection 

+vVi/, 2.350 0 _ max. 

+V5 1.478 0 pt. of inflection 
Ta 



























The curve is symmetrical with respect to the y axis and 
approaches the x axis asymptotically. The curve differs 
from Fig. 20 by a factor 1/N, which is used to normalize the 
function. 







By the use of McLaurin’s theorem: 





2 3 4 
Pmltet+etatat+:- 







x4 x6 x8 
ew et Rae ae a 
1 x3 x5 x7 *9 1 
—22 a es — — —... 
fr " [= 3+ 521 731 * ol i 
1 1 1 1 
"1-37 55 — 7a o41 






Let the origin be the center of the hemisphere and the base 
be on the XY plane. 






Then the center of gravity will be on 






the Z axis, that is, x = 0, y = 0. If p be the density, p = 


KZ and 






SSS 0 Z8V 


7 TSF 0a 











We need to integrate only in the first octant of the co- 
ordinate system: 
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| Ai Sal V R?—x?—y? 
z= 2 0 0 Kz-2dzdydx 


lg ime VR?—x?—y? 
0 J0 0 Kz-dzdydx 











The triple integral is easier to handle by the spherical co- 


ordinates used in the September article by Dr. Dushman. 
(See Equations 146, 147, and Fig. 22a). 








x = rsin @cos 7 
y =rsin @sin 7 
2 =rcosé 
dV = dxdydz = r? sin 6 drd6dn 


/2 (°R 
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ELIMINATION OF ARM-LENGTH ERRORS IN WEIGHING 
V. R. DAMERELL 


Western Reserve University, Cleveland, Ohio 


IN THE quantitative laboratory it occasionally be- 
comes necessary or convenient for a student to use two 
balances during a determination. This frequently 
happens when there are more students than balances. 
As a convenience, it seemed profitable to have a simple 
method for finding and listing the conversion factors for 
changing apparent masses obtained on any balance to 
what they should be on any other balance in the labora- 
tory. At first glance this seemed to involve a lot of 
work, but the writer devised a method that gave the 
necessary relationships between twenty-one balances 
in a few hours. The object of this paper is to describe 
the method, so that it may be available to anyone wish- 
ing to do likewise. 

If m is the true mass of any object, and w and w’ are 
its apparent masses when it is weighed on any two bal- 
ances I and II, and if r and / are the arm lengths of the 
beam of balance I, and r’ and /’ the arm lengths of the 
beam of balance II, then: 


m = wr 
ml’! = w'r' 
w/w’ = mir'/ml'r = k 
and w= wk. 


The constant & will then be the conversion factor to 
use in order to convert the weight of any object weighed 
on balance II to what it should weigh on balance I. 
Also the constant 1/k will bring about the opposite 
conversion. The writer determined these constants for 
the laboratory balances as follows. 

A ten-gram weight was weighed with another ten- 
gram weight on each of the balances in the laboratory. 
The apparent masses of the first ten-gram weight (al- 
ways on the left-hand pan) varied from 10.0003 grams 
to 10.0017 grams. The values for k for each possible 
pair of balances were rapidly obtained by adding to or 
subtracting from 1.00000 a tenth of the difference be- 
tween the two apparent masses of the ten-gram weight 
obtained on the two balances. Using the two extreme 


values as an example of the calculations of the con- 
stants, we have: 


10.0003 








kt = Fp po17 = 0-99986 = 1.00000 — 0.00014 
10.0017 | 
ke = 75 p03 = 1.00014 = 1.00000 + 0.00014 


The constant used would depend upon which way the 
conversion was to be made. It is interesting to note 
that the failure to use the correction in this case would 
cause an error of 2.8 milligrams in the weight of a 
twenty-gram crucible. Factors for 420 conversions 
were calculated for 21 balances in this manner in a 
short time. These were listed in a table similar to the 
abbreviated table given below. 

In employing such a table, it is of course necessary 
that the same set of weights be used on both balances, 
or if two sets are used, that they be calibrated in terms 
of the same standard. 





TABLE 


To convert the weight of an object weighed on any balance in 
the vertical row to what it should weigh on any balance in the 
horizontal row, multiply by the factor indicated. Thus, if a 
crucible weighed 16.4678 grams on balance 4, and its weight was 
desired on balance 6, the factor y or 1.00010 would be used, and 
the new weight would be 16.4694 grams. 


Balance 1 2 3 4 5 6 7 
1 7) s t k v u q 
2 k o p g r q m 
3 j n (7) f q p l 
4 Ss w x o z y u 
5 h l m d o n j 
6 i m n e p o k 
7 m qa r i t s o 

d = 0.99989 p = 0.00001 
e = 0.99990 q = 1.00002 
f = 0.99991 r = 1.00003 
g = 0.99992 s = 1.00004 
h = 0.99993 t = 1.00005 
i = 0.99994 u = 1.00006 
j = 0.99995 v = 1.00007 
k = 0.99996 w = 1.00008 
Ll = 0.99997 x = 1.00009 
m = 0.99998 y = 1.00010 
n = 0.99999 z = 1.00011 
o = 1.00000 
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KEEPING UP WITH CHEMISTRY 


The contribution of the chemist to: sugar, petroleum, agri- 
culture, medicine, dye, printing ink, rubber, precious metals, 
plastics, fertilizer, heavy chemicals, electrical, varnish, leather, 
glass, paint, vegetable oil, cosmetic, textile, metal, and food in- 
dustries. Varicus AutHors. The Chemist, 12, 114-202 (Apr., 
1935).—The April number of this journal commemorating the 
Tercentenary Anniversary of American Chemical Industry, is 
almost entirely devoted to short discussions of the advancements 
in the above-mentioned industries which may be ascribed to 
chemists and chemistry. E. R. W 

The biological effects of heavy water. T. C. BARNES. Am. 
J. Sci., [5], 30, 14-5 (July, 1935).—Dilute solutions,0.06% to 0.5% 
of deuterium (heavy water) have been found to increase the life 
span of primitive cells. This is probably due to a slowing down 
of the life processes. Sprouting of seeds, streaming of proto- 
plasm, fermentation of sugar by yeast, oxygen consumption of 
bacteria, beating of the heart, all proceed: more slowly in con- 
centrated (30-100%) solutions. The effect may be compared 
to the effect of lowered temperature in lowering the energy con- 
tent of chemical systems. Cell walls are permeable to deuterium. 

E. R. W. 

Acetic acid and a profit from wood distillation. D. F. OTHmeEr. 
Chem. & Met. Eng., 42, 356-61 (July, 1935).—The wood-dis- 
tillation industry has suffered greatly from the depression. But 
it has been discovered that by using the same technical thought 
and skill spent on synthetic chemistry, chemicals from natural 
sources can also be produced at a profit. The newest plants 
separate wood alcohol, tar, acetic acid, and water by fairly simple 
means. A new demethanolizing column separates the tar and 
wood alcohol. The acetic acid is removed by steam distillation. 
In this case any oily liquid (‘‘withdrawing agent’’) is added to 
steam-distil the water over the head of the column. The oil 
can be separated from the distillate and returned to remove more 
water from the acid. Such a plant yields a revenue of $6.50 per 
cord for the acetic acid alone. Jaw. Fy 

Recent developments i .2 manufacturing and using refractories. 
L. J. Troster. Chem. & Met. Eng., 42, 363-7 (July, 1935).— 
Innovations and improvements in refractories have come about 
because the industry has found a definite trend toward a narrow- 
ing and more critical market for its products. All of the unit 
operations of their manufacture which includes grinding and 
screening, mixing, molding, drying, and burning have been modi- 
fied andimproved. This has led to the manufacture of a number 
of new and unique refractories, as superduty fireclay brick; crys- 
talline aluminum silicates; olivine, electro casts, Ritex magnesite, 
and Ritex chrome. Jowe. 

Corrosion of metals by phosphoric acid. F. A. ROHRMAN. 
Chem. & Met. Eng., 42, 368-9 (July, 1935).—Production of ortho- 
phosphoric acid and of superphosphates is complicated because of 
corrosion difficulties, most of which can be attributed to the phos- 
phate rock used as raw material. The presence of arsenic in- 
hibits the corrosion of iron and ferrous alloys. Some sulfuric 
acid protects lead by forming a coating of lead sulfate. Dilute 
acid contains more fluorides than concentrated acids, hence is 
more corroding. The high temperatures of concentration tend to 
remove fluorides. Lead, silicon irons, chrome-irons, alloys high 
in nickel, and chrome-nickel-molybdenum steels have been found 
the best to use with phosphoric acid. i ns, feet: @ 

Producing nicotine in Virginia. ANon. Chem. & Met. Eng., 
42, 373 (July, 1935)—The commercial extraction of nicotine 
from tobacco depends on the solubility of nicotine or its salts in 
organic solvents, water, or steam. In case an organic solvent is 
used the salts are first converted into free alkaloid by alkali, 
dissolved in the organic solvent, and in turn removed from this 
by sulfuric acid. Another means first uses water which dissolves 
both nicotine and its salts. The solution is made alkaline, and 


the nicotine recovered with an acid. The first method leaves 
a residue suitable for fertilizer. 

The third process liberates the nicotine with alkali, removes it 
with steam, and recovers it with acid. The nicotine content 
varies from 0.6% to 8%. 

It is used for spraying plants, animals, and poultry. 

J. W. 

The fluoration of nitric acid: The nitroxyfluoride NOK ‘0. 
RurF AND W. Kwasnik. Angew. Chem., 48, 238-40 (Apr. 20, 
1935).—NO;F was prepared according to the equation: HNO; 
+ F,; = NO;3F + HF. The method of preparation is described. 
The compound forms a colorless gas and liquid and a white solid. 
Freezing point —175°. The vapor pressure corresponds to the 
equation: log p = —1044.9-1/T + 7.478. The boiling point 
at 760 mm. = —45.9° = 227.3°A. Critical temperature = 
67.2°. Vapor pressure at 20° = 8.210mg. Hg. Heat of vaporiza- 
tion = 4726 cal./mol. Trouton’s constant = 20.8. The den- 


sity of the liquid NO3F is 1.909 at —175° and 1.507 at —45.9°. 
The compound is explosive, stable toward glass and quartz, 
reacts with H.O forming OF2, Oo, HF, and HNOs, dissolves in 
NaOH and forms OF, perhaps according to the equation 2NO;F 
+ 2NaOH 


O 
The structure is )N-O—F. It does not explode with H,O 
O 


= 2NaNO; + 2HOF = 2NaNO; + OF: + HO. 


or NaOH, explodes with alcohol, ether, and aniline, is soluble in 
acetone, and does not react with glycerin, acetone, acetic acid, 
potassium permanganate, manganese dioxide, copper, brass, 
iron, and V2A steel. Its action with platinum is questionable. 
It forms yellow, complex solid compounds with SbCl; and TiCh, 
has a disagreeable odor similar to that of rotten potatoes, and in 
high concentrations it irritates the nose and causes headaches. 
LS. 
Further progress in the manufacture and application of arti- 
ficial waxes. R.Srrauss. Angew. Chem., 48, 279-82 (May 18, 
1935).—A review. ES. 
Synthetic artificial materials. J. ScHEIBER. Angew. Chem., 
48, 302-3 (May 25, 1935).—A review dealing with chlorinated 
caoutchouc, Cellophane, artificial silks, polymerized vinyl prod- 
ucts, condensation products, etc. L. 8. 
Progress in the chemistry and technology of cement. Wo tr- 
GANG GRAF CZERNIN. Chem.-Zig., 59, 315-6 (Apr., 17, 1935).— 
A review. E. 8: 
Chemistry and technic of anti-knock compounds. E. Bos- 
sinc. Chem.-Zig., 59, 316-7 (Apr. 17, 1935).—A review. 
L 


<0 

The refining of industrial fats and oils. R.Srrauss. Chem.- 
Zig., 59, 373-5 (May 8, 1935).—A review dealing with the re- 
moval of slime, acid, odors, and sulfur, and also with polymeriza- 
tion. ES: 

Caoutchouc regeneration and regenerates. F. KIRCHHOF. 
Chem.-Zig., 59, 4833-7 (May 29, 1935).—A review dealing with 
the raw material (factory wastes and old caoutchouc), extent and 
economic importance of the caoutchouc regeneration, historical 
development and brief description of the most important regen- 
eration processes, commercial designations and evaluation of dif- 
ferent regenerate types and their particular suitability for the 
rubber and cable industry, general technical-economical advan- 
tages and disadvantages of the utilization of regenerates, and 
the chemical composition and testing of regenerates. L. S. 

The availability of calcium from some typical foods. M. L. 
FINCKE AND H. C. SHERMAN. J. Biol. Chem., 110, 421-8 (July, 
1935).—Healthy young rats of the same known nutritional his- 
tory were placed when 4 weeks old on a diet in which practically 
all of the Ca was supplied by skim milk, or diets in which half of 
the skim milk was replaced by enough dried spinach or dried kale- 
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to provide the same amount of Ca. At 60 days of age the ani- 
mals were killed and their bodies analyzed for Ca. The Ca of 
the kale was nearly as well utilized as the Ca of the milk, but the 
Ca of the spinach was utilized very poorly if at all. 
That the Ca of spinach is utilized so poorly is not attributable 
_ to the presence of fiber; but appears to be at least largely due to 
the oxalate present in the spinach. 

That the failure of spinach in this respect is not shared by green 
leafy vegetables generally is shown by the excellent utilization of 
the Ca of kale. E. D. W. 

Detection and measurement of freezing injury in Valencia 
oranges. W. B. Davis. Am. J. Botany, 22, 559-66 (May, 
1935.—Freezing injury in mature Valencia and navel oranges 
was measured by determining the resistance to the passage of an 
electric current through the living tissue. The measurements 
were made within 24 hours after freezing in the laboratory. As 
the resistance in different parts of the same orange varied due to 
unequal injury, an expression of this variation, the coefficient of 
variation, was calculated for individual oranges. 

The sizes of both the average coefficient of variation and the 
average mean in uniform lots of 25 appear to measure the extent 
of injury caused py freezing. 


ADMINISTRATIVE PROBLEMS 


The Horace Mann school at work. Symposium. Teachers 
Coll. Record, 36, 647-709 (May, 1935).—This issue of the Teach- 
ers College Record describes the philosophy and the type of 
curriculum, and gives an evaluation of the type of program car- 
ried out in the Horace Mann School, an experimental school of 
Teachers College. 

The guiding philosophy is that the school is responsible for 
the total education of the child. It believes that there are four 
fundamental powers necessary to the complete education of the 
child: (1) the power to Know; (2) the power to Do; (8) the 
power to Think; and (4) the power to Feel. In order to develop 
these four attributes the curriculum is derived from functional 
concepts from the fields of language, literature, mathematics, 
science, arts, and human relationships. This core of content has 
been divided into themes extending from the kindergarten 
through the high school. 

The unit method, which is used, assumes three things: (1) 
since interest is a powerful factor in learning, the organization 
of subject-matter is made around topics or themes of interest to 
the child and dealing with the content to be developed; (2) if the 
learning situations in school can be made to approximate similar 
situations in life outside the school, reality is lent to the process of 
education; (3) learnings, in order to function in the mind of the 
child, must have meaning for him, and in order for him to gain 
this meaning, the natural and existing relationships between 
varied types of content must be brought out. 

Types of themes developed in the elementary school are used 
in the article as illustrative material. The general theme for the 
Junior High School is the ‘Story of Progress of Man Through the 


If this new method can be applied to oranges frozen in the 
field, it may aid in preventing wasting of fruit and in keeping 
frozen fruit off the market. E. D. W. 

Ethyl cellulose. Anon. Jnd. Bull. Arthur D. Little, Inc., 
103, 3 (July, 1935).—Ethyl cellulose is an interesting and versa- 
tile material used in the paint, varnish, lacquer, and printing- 
ink industries on the one hand and the transparent wrapping and 
plastic industries on the other. Cellulose, as cotton fiber, may 
be fabricated into cloth, or as wood fibers into paper. By dissolv- 
ing cellulose we may obtain Cellophane sheets or rayon filaments, 
or it may be changed into a number of important cellulose deriva- 
tives of which pyroxylin or nitro-cellulose is one, and Kodapak, 
acetate silk, another. Another type of chemical action produces 
the cellulose ethers, of which ethy] cellulose is the most important 
example. It, too, is capable of being dissolved and sheeted 
out. It should make an excellent food wrapper. It can be used 
as an overlay glaze on pictures, cards, etc., for their protection. 
Ethyl cellulose is unique in its inherent flexibility without the 
use of plasticizers, but plasticizers may be used to secure excep- 
tionally soft and plastic sheets and sizings. It is also easily sol- 
uble in a great variety of solvents. It is further capable of act- 
ing as a binder in molding compounds. G. O. 


AND DEVICES; CURRICULA 


Ages,” subdivided as follows: seventh grade, the very earliest 
period of man; eighth grade, the ancient period to the discovery 
of America; ninth grade, from the discovery of America to life 
in the modern world. 

In the senior high schooi the theme is ‘‘Modern Civilizations 
and Cultures,” subdivided as follows: tenth grade, American 
civilization and culture; eleventh grade, modern civilizations 
and cultures other than our own; twelfth grade, modern problems 
and issues in America. 

An article by Professor Gerald S. Craig and Alton I. Lockhart 
describes the continuous science program in the Horace Mann 
School, beginning with elementary science on the lower levels 
and culminating with biology in the tenth grade and a two-year 
physical science program in the eleventh and twelfth grades. 
This physical science course of two years includes material from 
chemistry, physics, geology, paleontology, and astronomy. 

C.. M..P. 

Organization for effective educational research in colleges and 
universities. P. Mort. Teachers Coll. Record, 36, 541-58 
(Apr., 1935).—The issues basic to research organization in 
college are: (1) the importance of the emphasis on technic in the 
early stages of science; (2) the place of pure research in the pro- 
fessional school; and (3) the issue of diversification of responsi- 
bility for research. There is need of more emphasis on pure re- 
search and also a need of more diversification of responsibility 
(among college professors) for research. Reasons for the changes 
made in guiding research of Doctoral candidates at Teachers 
College from the former Committee Plan to the present Sponsor 
Plan are presented. Cc. MP 


EDUCATIONAL MEASUREMENTS AND DATA 


Status of college and university offerings in the teaching of 
science. H. BRECHBILL. Sct. Educ., 19, 60-5 (Apr., 1935).— 
This is the résumé of a study whose purpose was to determine the 
status of the teaching of science courses in colleges and universi- 
ties. The author found that larger institutions showed a slight 
tendency for these courses to be offered in the school or de- 
partment of education and that smaller institutions showed a 
slight tendency for these courses to be offered in the pure science 


departments. Of the 146 courses in the teaching of science, 20 
were in the teaching of chemistry. Fourteen of the 20 courses in 
the teaching of chemistry were offered in the department of 
chemistry. About 63 per cent. of* the courses were called 
“teaching”? courses and 17 per cent. were called ‘‘methods”’ 
courses. The average number of credit hours was found to be 2.3 
semester hours. In chemistry the average was 2.5 semester 
hours, with a range of one to six semester hours. C.F. 


PROFESSIONAL 


Salaries of school employees, 1934-35. Research Bull. 
Nat. Educ. Assoc., 13, 3-30 (Mar., 1935).—This Bulletin presents 
the results of a survey made of salaries paid elementary and 
high-school teachers during the year 1934-35. Comparisons 
are made with the preceding years 1930-31, 1931-32, and 1932-— 
33. The downward tendency toward lower salaries has been 
checked, and indications are that next year may see some slight 
improvement. Twenty tables supplement the report. C.M. P. 

What of the future for chemical engineering graduates? 
A. ANABLE. Chem. & Met. Eng., 42, 306-9 (June, 1935).—The 
predictions in this article are based on the records, found in the 
files of Prof. E. H. Schell of Massachusetts Institute of Tech- 
nology, of 134 chemical engineers of a group of 161 graduates. 


All indications point to chemical engineering being a compara- 
tively lucrative branch of engineering. 

The chances are 3 to 1 that the graduate will go into one of the 
process industries. If he happens to be the i out of 4.who forsakes 
engineering he will probably go into investment banking. He 
is an odds-on favorite to make more money than his classmates 
schooled in the older branches of engineering. He will probably 
eventually get into the merchandising side of whatever industry 
he enters. If he settles down in a relatively large corporation 
his official title will be that of a minor executive for many years, 
but his responsibilities will be considerable and will equal or ex- 
ceed those of many of his classmates who acquired high- a 
titles in small concerns. J. W. 











TEXTBOOK OF QUANTITATIVE ANALYsIS. Walliam Thomas Hall, 
Associate Professor of Analytical Chemistry, Massachusetts 
Institute of Technology. Second edition. John Wiley & Sons, 
Inc., New York City, 1935. ix + 350 pp. 46 figs. 15 X 23 
cm. $3.00. 


Professor Hall’s book, bearing the above title, made its initial 
appearance in 1930. As the author remarks in his preface to this 
first edition, the text is in large measure an abridgment of F. P. 
Treadwell’s familiar treatise (that is, in its Americanized form), 
the reason for the condensation being that the ‘“Treadwell-Hall’”’ 
had by gradual additions of new matter become too unwieldy for 
class use. 

Surely such a volume is supported by a wholesome tradition; 
for Treadwell, the eminently successful teacher of chemical 
analysis at Ziirich, was a pupil of the far-famed Bunsen; hence 
it is reasonable to suppose that he must have imbibed both in- 
spiration and constructive suggestions from the great master, 
who in turn, as one of his many remarkable qualities, possessed a 
rare degree of proficiency as an analyst. 

Coming to the new, or second, edition of the manual under con- 
sideration, one notices with pleasure that many of the “‘tried-and- 
true’ methods are retained while at the same time a considerable 
number of the recently evolved processes are introduced—a judi- 
cious blending of the old with the new. Moreover, wherever 
theoretical principles are given exposition, the treatment seems 
quite in accord with present-day chemical thinking. On com- 
paring the current with the retiring issue, the following improve- 
ments deserve favorable mention: the introduction of ceric 
sulfate as a standard reagent in oxidimetry, some noteworthy ex- 
tensions in steel and ore analysis, and the incorporation of work 
on bearing metals. 

As an ex-survey man, the reviewer feels forced to pronounce 
the section devoted to the examination of silicate minerals (in the 
language of the late Dr. H. S. Washington) “inadequate”; in 
fact, it is apt to give the student a wrong impression as to what 
this difficult kind of analysis is really like. On the other hand, 
references to the writings of Hillebrand and Lundell, Mellor, 
Duparc, and the before-named Washington, if given at the 
beginning of the chapter, should certainly help to broaden the 
learner’s horizon. 

Taken as a whole the text would seem to be a very satisfactory 
class book—superior doubtless to most of those works that have 
been designed to fill a similar place; consequently, it can be heart- 
ily recommended to such schools as have need of a book on quanti- 
tative chemical analysis of moderate scope. 

WiLiiaM M. THORNTON, JR. 


Tue Jouns Hopkins UNIVERSITY 
BALTIMORE, MARYLAND 


THE RISE OF MopERN Puysics. Henry Crew, Professor Emeri- 
tus of Physics in Northwestern University. Second edition. 
The Williams & Wilkins Company, Baltimore, 1935. xix + 
434 pp. 17 figs. + 16 illustrations. 12 X 18cm. $4.00. 


This book, a revision of the 1928 edition, is ‘‘the story of the 
origin and evolution of modern physics, and of the workers who 
brought it to its present state of perfection.”’ 

It develops the history of physics by discussing the various 
discoveries in physics, not from the viewpoint of a succession of 
discarded theories, but as modifications of experiences and 
judgments accumulating from earliest times to the present. 
The first portion of the text is devoted to a résumé of the perti- 
nent contributions to physics through the Medieval period. 
This is followed by ‘“‘The Birth of Modern Physics,’”’ concerned 
principally with the work of the “‘great trio,’ Galileo, Huygens, 
and Newton. Developments in the separate fields of Mechanics, 
Optics, Electricity, and Magnetism, Heat, and the ‘Discrete 
Nature of Matter’’ are then shown separately, all finally merging 
through ‘‘The Inertia of Electricity” and ‘‘The Rise of Modern 
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Spectroscopy” into the advances made in ‘‘recent”’ physics. The 
last chapter is devoted to a brief discussion of relativity and the 
derivation of the fundamental equations of restricted relativity, 
with applications of these equations. A bibliography is included. 

The author has kept in mind, throughout the book, ‘‘the under- 
graduate just entering upon the study of advanced physics.” 
His aim has been to present ‘‘an irreducible minimum”’ of data 
necessary ‘‘to acquire a just perspective,”’ in order that the reader 
may be able to approach the phenomena and theories of ‘“‘recent”’ 
physics with an intelligible concept of the background from which 
theycame. The author’s task is finished when he leads the reader 
up to electronics and quantum phenomena. 

This book, ‘‘a popular sketch,” should prove of value to all 
who are interested in science, whether as laymen or specialists. 
The author has designedly striven to reach the reader who, with 
but little previous knowledge of physics, wishes to acquire some 
insight into the mysteries of ‘“‘recent”’ physics. 

The book is written in an interesting style, interspersed with 
personal notes on the men who have contributed to the develop- 
ment of physics. The reader requires a knowledge of elementary 
mathematics only for an intelligent grasp of the text, higher 
mathematics being used in but a few places. C. G. EICHLIN 


UNIVERSITY OF MARYLAND 
COLLEGE PARK, MARYLAND 


Diet AND LikE It. Mabel E. Baldwin, Ph.D. With an intro- 
duction by Daniel C. Darrow, M.D., Yale University School of 
Medicine. First Edition. D. Appleton-Century Co., New 
York City, 1935. x+230pp. 13.5 X 20cm. $2.50. 


The purpose of this book is to give specific dietary directions 
which may be followed by any individual who wishes to lose 
weight and then to hold the adjusted weight, meanwhile main- 
taining body health and vigor. Besides giving directions for 
such a diet, the author explains the relationship between food 
and the growth and repair of body tissue, the energy requirement, 
and the storage of excess fat. 

An excellent summary of ten suggestions for planning a protec- 
tive diet for weight maintenance gives the reader an exact 
basis for the adjustment of his diet. This is made still more 
understandable by an explanation which includes numerical 
values for the amount of each dietary essential in a measured 
quantity of common foods such as milk, meat, butter, eggs, fruits, 
vegetables, and cereal grains. As is brought out in this excellent 
book, haphazard dieting is dangerous; dieting by rules based on 
our knowledge of nutrition is healthful, and dieting with a scien- 
tific and mathematical understanding of the principles involved 
is, at the same time, healthful and most interesting. One may 
diet in an intelligent way, “and like it.” N. M. NayLor 


Iowa STATE COLLEGE 
AMES, IOWA 


CHEMISTRY WORKBOOK. Charles E. Dull, Head of Science De- 
partment, West Side High School, Newark, New Jersey. 
Henry Holt and Company, New York City, 1935. vii + 348 
pp. 68figs. 20.5 X 27.5cm. $0.88. 


Time was when it was the proper thing for the author of a 
chemistry text to bring out subsequently a laboratory manual to 
accompany the text. The fashion now seems to be—and it is not 
confined to chemistry texts—to bring out a workbook which usu- 
ally contains: (1) directions for laboratory experiments; (2) 
questions and problems, usually found at the end of the chapters 
in the text; (3) drill exercises to fix in mind the points already 
learned; and (4) devices for helping the student correlate his 
ideas. Mr. Dull has fallen right in line with this newer idea. 

This workbook is designed to accompany the author’s Modern 
Chemistry, but it may be used with any modern textbook in high- 
school chemistry. Each of the eighteen units is introduced with a 
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study outline made of a number of challenging questions covering 
the material of the unit. This is followed by an overview giving 
the gist of the contents of the unit. Then follow one or more 
exercises with blanks to be filled in after the corresponding 
chapter in the text has been studied, and one or more experiments 
to be performed by the student. Each unit is concluded with a 
self-testing exercise to test the student’s mastery of the unit. 

The first unit is an introduction to chemistry. Then follow 
units in the usual order, oxygen, hydrogen, gas laws, water, and so 
on through the topics usually covered in a chemistry text. The 
longest unit is the one on metals, including the study outline, the 
overview, three exercises, ten experiments, and three tests. 

The last unit is followed by a general problem test, a general 
equation test, a general formula test, a general ‘‘Who’s Who”’ test, 
and two appendices containing the customary tables. 

The book is in semi-looseleaf form. The pages are punched and 
are securely stapled together. Separate pages may be removed 
to a looseleaf cover if desired. If used intact the book will be 
found impractical for it does not open up flat nor remain open 
without a weight on the pages. The student will find it difficult 
to fill in the blanks because of this fault. If the laboratory direc- 
tions are to be used with the book intact a special substantial 
holder will have to be devised to keep the desired page in view. 

To one acquainted with other workbooks this one by Dull does 
not present any distinctly new features; but it isa good book and 
should be seen to be appreciated. WILHELM SEGERBLOM 


PHILLIPS EXETER ACADEMY 
EXETER, NEw HAMPSHIRE 


DICTIONNAIRE DE LA CHIMIE ET DE SES APPLICATIONS. Clément 
Duval, Docteur és Sciences physiques, Raymonde Duval, 
Docteur és Sciences physiques, and Roger Dolique, Dr. és 
Sciences phys., Pharmacien. Preface by H. Luc, Directeur 
général de l’Enseignement technique. First edition. Her- 
mann & Cie, 6, Rue de la Sorbonne, Paris, 1935. xxxii + 
747 pp. 7tables. 13.5% 19cm. Paper binding, 90 francs. 





One never knows, in chemistry, whether the word “dictionary” 
or ‘‘dictionnaire’’ refers to a comprehensive treatise of the type 
of Thorpe, Watts, or Wurtz, which really deserve to rank as en- 
cyclopedias, or to a lexicon or wordbook like that of Hackh. 
Both types are indispensable for reference. 

This work is a lexicon, presenting 26,400 words and phrases 
drawn from the various branches of chemistry, both pure and 
applied. Some of the borderline terms included are the names of 
many minerals and some rocks, physical terms (especially physi- 
cal units), and pharmaceuticals. A selection of alchemical ex- 
pressions forms an interesting addition to the vocabulary. There 
are seven tables: elements, isotopes, periodic table, nomenclature, 
radioactivity, units, and valence. The so-called table on nomen- 
clature is really a 12-page treatise in which the recommendations 
of the Committees of the International Union of Chemistry are 
generously recognized. There are no illustrations, but some 
diagrammatic formulas. 

The definitions are brief, and usually unaccompanied by en- 
cyclopedic information. For compounds the formula is usually 
given, sometimes the systematic name, sometimes both. Com- 
pound names like chlorure de sodium are, however, in general not 
defined, the definitions being limited to the component words (in 
this case chlorure and sodium). Reagents, laws, rules, etc., which 
are known by the name of a person (e. g., loi de Dalton) are 
entered under the name of the person, which is a very satisfactory 
device. 

_ One has to live with such a book for some time to appraise its 
true value, but so far as the reviewer can judge on short acquaint- 
ance the compilers have done their work very well indeed. The 
terms appear to be well selected and the definitions both accurate 
and up to date. No omissions of important terms, even very re- 
cent ones, have been discovered. Since the time which a well- 
planned and well-executed work of reference saves its users must 
be very great, the authors merit thanks and support for their 
labor. 

A word to chemists who may disregard this dictionary because 
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itisin French: a glance at its pages will convince them that the 
majority of the terms are international and so nearly like the 
English in spelling as to be found without difficulty. It will 
accordingly serve as a useful adjunct to existing works in English. 
Austin M. PATTERSON 


ANTIOCH COLLEGE 
YELLOW SPRINGS, OHIO 


CLINICAL LABORATORY METHODS AND Dracnosis. R. B. H. 
Gradwohl, M.D., The Gradwohl Laboratories. C. V. Mosby 
Company, St. Louis, Mo., 1935. 1028 pp. 24 color plates. 
328 figs. 17 X 25.5 cm. $8.50. 


The author states in his preface that ‘‘this book has been 
written to help the clinician, the laboratory worker, and the 
medical student to learn laboratory diagnosis.’’ In scope it 
covers everything from a detailed description of the microscope 
and its uses and such elementary subjects as metric weights and 
measures, per cent. solutions, etc., to a discussion of preparation 
of museum specimens, post mortem examinations, and toxicologic 
technic. 

With this as his objective, the author has done a creditable 
job. Whether or not it is wise to undertake all of these in a 
single text is a matter of judgment. Naturally, medical students 
of today are well trained in the fundamental principles that under- 
lie clinical diagnosis such as general chemistry, microscopic 
technic, quantitative analysis, physics, etc., before beginning 
clinical laboratory work. On the other hand older practitioners 
who do not have thorough training in some of these fields and 
who desire to go into clinical laboratory work, will find the book 
admirably adapted to their needs. We believe it also meets the 
needs of clinical laboratories where technicians are trained. 

The chapter outlines are excellent; the illustrations and color 
plates, clear; and the volume is well indexed. 

If there is such a thing as a text of this kind being too complete 
the criticism might be offered of Dr. Gradwohl’s work without 
in any sense detracting from its value. Wort.ey F. Rupp 


MEDICAL COLLEGE OF VIRGINIA 
RICHMOND, VIRGINIA 


M. V. Lomonosov’s COLLECTED Works, VoLs. VI AND VII. 
Soviet Academy of Sciences, Leningrad, 1934. Vol. VI, ix + 
438 + 131 pp. Vol. VII, iti + 591 pp. 22 X 30.5cm. 


The Collected Works of the great Russian physical chemist, 
M. V. Lomonosov (1711-1765) have recently been published by 
the Soviet Academy of Sciences. They contain material of a 
purely literary character, for Lomonosov gave form to the Rus- 
sian language as a literary vehicle, and writings on historical, 
philosophical, and scientific subjects. Volumes VI and VII, 
printed at Leningrad in 1934, are the only ones which we have 
seen and are of particular interest to the student of the history of 
chemistry. The large volumes are beautifully printed on paper 
of good quality, clearly and with wide margins, and are hand- 
somely illustrated. 

Volume VI, ix + 4388 + 131 pages, edited by B. N. Menschut- 
kin and G. M. Knyazev, with a Preface by Menschutkin, contains 
Lomonosov’s dissertations on physical and chemical subjects, 
some of them in Latin and some in Russian, now for the first time 
printed in their original form—only extracts and incomplete 
translations having been published heretofore by Menschutkin 
in Russian and, in Volume 179 of Ostwald’s Klasstker der exacten 
Wissenschaften, in German. The volume contains pictures of 
the aurora borealis printed from Lomonosov’s original copper- 
plates which were found about 25 years ago. Particularly no- 
table among the contents of the volume are the Elementa chimiae 
mathematicae (Elements of Mathematical Chemistry) (1741) in 
which Lomonosov defines chemistry as ‘‘the science of the changes 
which take place in a compound body whatever the compound 
body is,”’ the treatise ‘‘On the insensible physical particles con- 
stituting natural bodies in which a sufficient reason for their par- 
ticular qualities is contained” (1742), and the Dromus ad veram 
Chymiam Physicam (Course in true Physical Chemistry) (1752) 
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which commences as follows—‘‘Physical chemistry is the science 
which derives from the principles and experiments of physics the 
reasons for the phenomena which take place in compound bodies 
through chemical operations. It may also be called chemical 
philosophy but in a sense different from that mystical philosophy 
in which not only the reasons fade but the operations themselves 
indeed are carried out secretly.”” Twelve hundred copies of 
Volume VI were printed but many of them were badly injured by 
flood and only about 350 were actually made up. The valuable 
book is accordingly already ‘‘scarce.”’ 

Volume VII, iii + 591 pages, edited by Menschutkin, contains 
Lomonosov’s metallurgical works, ‘““Chemical and Optical No- 
tices,’ written by him in 1761 and intended for a special paper 
which he did not write, and papers on geographical and astro- 
nomical subjects. One paper is in Latin, one is in Swedish from 
the Latin of Lomonosov, the others are in Russian. A transla- 
tion by Lomonosov into Russian of a work of Hensius on comets 
is also included. A colored map of the northern hemisphere 
shows what lands in the far north were known in Lomonosov’s 
time. 

Lomonosov was one of the greatest figures in the history of 
chemistry. He set forth an atomic-molecular theory of matter 
some sixty years earlier than Dalton, foreseeing the possibility 
of isomers. He was the first to observe and describe frozen mer- 
cury and the first in Europe (1749) to establish a laboratory for 
the regular instruction of university students in practical chemis- 
try by the laboratory method. His program for the study of the 
physico-chemical properties of solutions included a number of 
important points, viscosities, specific heats, etc., which have not 
even yet been sufficiently examined. Now that his works have 
been brought together, it is hoped that they will be studied and 
discussed in detail for the benefit of English-speaking students of 
the history of chemistry. TENNEY L. Davis 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, Mass. 


THE OpTIcAL BASIS OF CHEMICAL VALENCY. R. de L. Kronig, 
Ph.D., University of Groningen. Cambridge Physical Chem- 
istry Series; Cambridge: at the University Press; New York 
City: The Macmillan Company, 1935. x + 246 pp. 67 figs. 
14 X 21.5cm. $4.50. 


The contents of this book are briefly as follows. The first 
chapter is merely introductory and brief. The second chapter, 
entitled ‘‘The Investigation of Atomic and Molecular Structure 
by Means of X- and Cathode Rays,” contains an interesting 
presentation of the two types of investigations by which it has 
been found possible to determine the probable distributions of 
electrons in atoms and molecules. 

The third chapter, entitled ‘“‘Atomic Spectra and the Periodic 
System,” gives a brief review of the relation between the types 
of energy levels as determined from line spectra, and the electron 
configuration. 

Chapter 4, entitled “‘Band Spectra and Chemical Binding in 
Diatomic Molecules,’ and Chapter 5, entitled ‘‘Band Spectra 
and Chemical Binding in Polyatomic Molecules,” constitute by 
far the largest portion of the volume, and properly so, because 
from the band spectra it is possible to determine the modes of 
vibration of the individual atoms, their relative distances apart, 
force constants and dissociation energies, as well as inertia of 
rotation of the molecule as a whole about a neutral axis. The 
Hund-Mulliken theory of electronic energy levels is dealt with, 
and the nomenclature used is explained in detail. The inter- 
pretation of Raman spectra is, of course, also considered. Specific 
sections are devoted to discussing the behavior of different types 
of molecules. A detailed table gives values of vibration fre- 
quencies, moments of inertia, dissociation energies and similar 
constants for diatomic molecules, as derived from band spectral 
observations. 

The last chapter is entitled “Optical and Thermal Dissocia- 
tion’’ and deals with such topics as predissociation spectra about 
which there has been considerable discussion in recent years. 
While the reviewer has found that the book contains an inter- 








esting wealth of material, he is of the opinion that the average 
physical chemist will find it rather difficult reading in parts. The 
author is constantly appealing to equations which have to be ac- 
cepted on faith, since their derivation would be much beyond the 
scope of the volume. On the other hand, it might have been 
better (and this is merely the opinion of the reviewer) if the author 
had expressed some of these equations in words, and given their 
fundamental ‘‘physical”’ significance rather than the actual math- 
ematical expressions. From the point of view of the chemist a 
more complete discussion of the distribution curves, such as 
shown for instance in Figures 3 and 5, would have been much 
more useful than the presentation of the mathematical equations 
on which they are based. Similar criticism might be applied 
also to Section 21 in Chapter 4, which deals with the vibrational 
and rotational energy levels. The author could have afforded to 
use a little more space discussing the physical basis of the theory 
without going into so much detail regarding the exact equations. 

Each chapter is accompanied by quite a comprehensive bibli- 
ography. However, this bibliography contains hardly any 
references at all to the numerous investigations in this field which 
have been published in the Journal of the American Chemical 
Society, Chemical Physics, and other chemical journals. 

In making these critical remarks the reviewer does not wish 
to detract in any way from the valuable features of the volume. 
He merely desires to emphasize the fact that it appears to be 
difficult for a physicist, especially one who has been trained in the 
theoretical aspects of the subject, to realize the point of view of 
the chemist for whom this volume is presumably written. 

SAUL DuUSHMAN 


RESEARCH LABORATORY, GENERAL ELECTRIC COMPANY 
SCHENECTADY, NEw YORK 


ANNUAL REVIEW OF BIOCHEMISTRY, VOLUMEIV. James Murray 
Luck, Stanford University, Editor. Annual Review of Bio- 
chemistry, Ltd., Stanford University P. O., California, 1935. 
vii + 639 pp. 15 X 22cm. $5.00. 


The fourth volume of this now well-established review com- 
prises the following chapters. 

Permeability. M.H. Jacobs 

Biological Oxidations and Reductions. 

Enzymes. J. B. Sumner 

The Chemistry of the Carbohydrates and the Glycosides. 
Sir J. C. Irvine and G. J. Robertson 

The Chemistry of the Acyclic Constituents of Natural Fats 
and Oils. E. Chargaff 

The Chemistry of the Proteins and Amino Acids. E. J. Cohn 

The Chemistry and Metabolism of the Compounds of Sulfur. 
H. B. Lewis 

The Chemistry and Metabolism of the Nucleic Acids, Purines, 
and Pyrimidines. L. R. Cerecedo 

Carbohydrate Metabolism. C. F. Cori and G. T. Cori 

Fat Metabolism. C. Artom 

The Metabolism of Amino Acids and Proteins. Y. Kotake 

The Metabolism of Creatine and Creatinine. W. C. Rose 

Detoxication Mechanisms. B. Harrow and C. P. Sherwin 

The Hormones. B. A. Houssay, V. Deulofeu, and A. D. 


R. Sonderhoff 


Marenzi 
Choline and Allied Substances. J. H. Gaddum 
Vitamins. L. J. Harris 
Nutrition. §. Brody 
The Chemistry of Muscle. P. Eggleton 


The Metabolism of Brain and Nerve. E. G. Holmes 
Chemical Embryology. J. Needham 
The Biochemistry of Malignant Disease. 
Plant Pigments. R. Kuhn 

The Alkaloids. R. Robinson 

The Mineral Nutrition of Plants. F.C. Steward 
Growth Substances in Plants. K. V. Thimann 
Immunochemistry. M. Heidelberger 

The Chemistry of Bacteria. M. Stephenson 


Index. 


B. Holmes 
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CHRISTIAN FRIEDRICH SCHUNBEIN (1799-1868) 


Born at Metzingen in Swabia, studied at Tubingen, Erlangen, _lytic action and the poisoning of catalysts, on prussic acid, and 


and Paris. Professor of chemistry at Basel from 1829 until the onnitrocellulose for the preparation of which he made use of a 
time of his death. An original and talented investigator, he mixture of nitric and sulfuric acids. He published more than 


discovered ozone and worked on hydrogen peroxide, on auto- 360 papers on chemical subjects. 
oxidation, on the passivity of iron, on hydrosulfites, on cata- (Contributed by Tenney L. Davis.) 
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editorial note in a deservedly popular chemical trade 

journal suggests that the average chemical graduate is 
rather poor material from the standpoint of the chemical em- 
ployer, that some of his defects are directly traceable to his train- 
ing, and furthermore that the attitude of his instructors is too 
often unsympathetic toward industry and its problems. Un- 
fortunately, the charge is rather indefinite; no bill of specifications 
is supplied. However, this is by no means the first time that 
such a complaint has come to our ears. Among the specific 
charges that seem to merit serious consideration are these: (1) 
that the chemical graduate too often lacks a real working knowl- 
edge of the tools (7. ¢., instruments) of his trade; (2) that he too 
often lacks economic sense; (3) that his ideas of industrial proc- 
esses are often sadly antiquated; (4) that he is seldom able to 
keep complete and satisfactory laboratory notes or to organize 
his notes into readable and informative reports. The list could 
be expanded, but this will do to go on with. 

Admittedly, we are more familiar with (and, possibly, tempera- 
mentally more sympathetic to) the academic outlook on the issues 
raised than with the industrial outlook. Admittedly, we shall 
probably stress the side of the picture that we know best. If 
through ignorance we commit any grave injustices perhaps some 
of our readers will set us right. 

The question of the attitude of college and university faculties 
toward the industry merits some preliminary comment. In some 
individual cases the industrialist has done a great deal to deserve 
an unsympathetic attitude on the part of the faculties. Labora- 
tories whose staffs are notoriously underpaid or subject to arbi- 
trary dismissal in the face of any economic gale that blows need 
not expect to have the cream of the graduate crop recommended 
to them. On the contrary they will get only the graduates that 
faculties cannot strongly recommend for better openings. Like- 
wise their protestations and criticisms will be received with rather 
cold and inattentive courtesy. 

Assuming, however, that an employer’s hands are clean, what 
can he expect in the way of faculty consideration? To begin 
with, if he expects understanding and sympathy from faculties, it 
is perhaps not too much to ask that he take pains to inform him- 
self of the type of faculty or institution with which he has to deal, 
so that all the sympathy and understanding need not be on one 
side. In this country, unfortunately, there is often no clear-cut 
distinction between the technical school (which is primarily a 
training school) and the true university (which is primarily a 
conservator and creator of knowledge). Not only are all grada- 
tions between the two represented among institutions bearing a 
common designation, but both extremes of attitude are often 
represented on one and the same faculty. Now it is possible 
(or it should be) to go to a strictly technical school and say, “I 
think you’re making a rotten job of training men for industry, 
and this is why I think so.”” Such tactics, however, are scarcely 
calculated to secure a respectful hearing in an institution which 
prides itself on maintaining the genuine university tradition. 
Nevertheless, university faculties are not exclusively composed 
of impractical idealists; they realize the desirability of placing 
their graduates and they further realize that to do so they must 
place many of theminindustry. Any suggestions not incompati- 
ble with their ideals of sound scholarship which will lead to the 
better fitting of their graduates for industry should meet a re- 
ceptive ear. When that is not the case industry has just cause 
for complaint—or boycott. 

Let us, however, turn to some of the more specific criticisms. 
As regards the recent graduate’s ability to use the tools of the 
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chemist there is something to be said on both sides. It is a re- 
grettable but inescapable fact that some institutions which grant 
degrees in chemistry simply have not the plant and equipment 
(and sometimes not even the personnel) to make good their 
implied promises. It is to be hoped that the American Chemical 
Society will eventually work out an educational accrediting 
system which will go far toward correcting this condition. It 
must be further admitted that not all faculty members, even in 
well-supported institutions, are entirely blameless on this score. 
Some are frankly ignorant of or indifferent to progress in the 
apparatus and instrument makers’ art. Others appear to be in- 
fected with the type of romanticism which makes a fetish of the 
stewpans and sand-baths of Berzelius, and to take a perverse 
delight in using “‘simple,” makeshift, and antiquated apparatus 
in their laboratories. 

On the other hand, some industrialists expect too much. They 
see nothing unreasonable in the demand that every graduate 
shall be familiar with such highly specialized and, for the most 
part empirical, apparatus as is employed in a modern paint-test- 
ing laboratory, for example. It is not enough for them that the 
student shall understand a polarimeter; he must have practiced 
determinations with a saccharimeter. 

Respecting the economic sense, it is certainly not too much to 
ask that the student shall repeatedly have it pointed out to him 
that there are often other than strictly chemical reasons for a 
choice between lye and lime, or between platinum and tungsten. 
To some extent, however, a sound economic sense is in part a 
matter of individual temperament and in part a matter of ex- 
perience. 

The charge that the graduate’s ideas of industrial processes are 
often antiquated is another blade that cuts two ways. Many 
professors are not by any means as alert as they should be to what 
is taking place in the industries. On the other hand, up-to-the- 
minute information on industrial processes is sometimes none 
too easy to come by. For so much the industrialists may share 
the blame. 

On the last count enumerated any editor would be compelled 
to believe the worst. If the graduate writes no better than many 
of his professors he does poorly enough. If he writes much worse 
we have no defense to offer. 








Readers who have missed 
recent news releases on the 
Rénigen regal lily might 
scarcely suspect that this 
month’s cover cut represents 
the subject of one of the latest 
patent applications of the 
General Electric Company. 
Mild X-ray irradiation of 
regal lily bulbs has produced 
a strain that does not shed its 
pollen. The cut, arranged 
from a photograph supplied 
by the General Electric Com- 
pany, shows both the new 
and the old strains. 
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The CHAIR of CHEMISTRY un the 
UNIVERSITY of EDINBURGH én the 


XVIIIth and XIXth CENTURIES 


JOHN E. MACKENZIE 
The University, Edinburgh, Scotland 


A brief account of the establishment of the Medical 
School of the ‘‘Town’s College’ or University leads to a 
description, usually accompanied by portraits, of the oc- 
cupants of the Chair of Chemistry, which, in the early days, 
was allied with Physic or Medicine. Dr. James Crau- 
furd (1713-26) ‘appears to have been a most successful 
physician, if not a great professor of chemistry. Next 
come Dr. Andrew Plummer and Dr. John Innes (1726- 
55) as Joint Professors of Medicine and Chemistry. 
Plummer lectured on Chemical Pharmacy, while Innes 
confined himself to Medicine. Dr. William Cullen (1755- 
66), after some years in country medical practice, lectured 


++ + 


N ENTERING the Chemistry Department of 
the University of Edinburgh, King’s Buildings, 
one perceives on the right hand a granite stone 

on which are inscribed the names of the dignitaries 
concerned with the design, erection, and opening of the 
department and on the left hand a similar, but less 
ornate, stone bearing the names of the professors of 
chemistry and the dates of their appointments to the 
Chair (Figures 1 and 2). 

The first appointment was made more than two cen- 
turies ago at a time when Scotland was in a very un- 
settled state. The Jacobite Risings—‘‘The Fifteen” 
(1715) and ‘The Forty-five” (1745)—were to decide 
whether the country was to be ruled by kings of the 
House of Hanover or of the Stuarts. In Sir Alexander 
Grant’s “Story of the University of Edinburgh,’’! it is 
recorded that William Robertson, the minister of 
Gladsmuir (a parish about 12 miles distant from Ed- 
inburgh) and later (1762-1793) Principal of the Uni- 
versity, left his manse when the Young Pretender’s 
army was approaching Edinburgh, joined the volun- 
teers, and when the city had surrendered to Charles 
Edward, the Young Pretender, went to Haddington 
and offered his services to General Sir John Cope. It 
was in these troublous times that the chair of chemistry 
was established. The Town Council of Edinburgh, 
which was responsible for appointments in “The 
Town’s College,” proceeded in December, 1713, to 
“elect, nominate and choose Dr. James Craufurd to be 
Professor of Physic and Chemistry in the said Univer- 
sity, and appoint convenient rooms to be appropriated 
to him,” and he was ‘‘not to expect any salary as Pro- 





1 Grant, Sir A., “Story of the University of Edinburgh,’ 
Longmans, Green and Co., London, first ed., 1884; vol. 11, p. 
266. 
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on Physic, Materia Medica, Botany, and Chemistry for 
eleven years in Glasgow, before coming to Edinburgh. 
He was a great physician and trained many students who 
came to fame, including his successor both in Glasgow and 
in Edinburgh, Joseph Black (1766-95). Reference is 
made to Black’s work on Magnesia Alba and on latent 
heat and to his distinguished pupil, Benjamin Rush, first 
Professor of Chemistry in America. Thomas Charles 
Hope (1795-1844), whose discovery of strontia is notable, 
was a most distinguished lecturer. William Gregory 
(1844-58), Lyon Playfair (1858-69), and A. Crum 
Brown (1869-1908) bring us to the beginning of the twen- 
tieth century. 


++ + 





FIGURE 2.—PROFESSORS 
.OF CHEMISTRY 
’ 


FIGURE 1.—‘‘THE FouNDA- 
TION STONE, ETC.” 


fessor”!! Dr. Craufurd, as a successful physician, 
could afford to be professor without salary, though he 
did receive class fees from his students. Indeed, until 
comparatively recently, the income of a professor de- 
pended mainly upon the fees he drew from his students 
and the writer remembers vividly paying three guineas 
to Professor P. G. Tait, the natural philosopher, and 
observing an enormous pile of gold sovereigns and silver 
shillings on the table at which the formidable man wrote 
the names of the students on their class cards. Now 
the professors are in receipt of definite salaries and do 
not receive class fees and are not responsible for the 
salaries of the departmental staffs. 

Craufurd, who had been a pupil of the celebrated 
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Boerhaave in Leyden, accepted the appointment and 
gave courses of lectures ‘‘sometimes.’’ He does not 
appear to have taken up chemistry with any great 
success, the subject having become unpopular owing to 
the attacks of Dr. Pitcairne, the first professor of physic. 
According to Lyon Playfair? “Students had learnt to 
look on it with contempt and the professors did not en- 
courage its study.”’ Though not a great chemist, 
Craufurd was evidently a man of parts. His colleague, 
Dr. Joseph Gibson, the first professor of midwifery, 
eulogised him on account of “his universal literature 
and consummate medical knowledge’ and ‘“‘his beauti- 
ful character, as a good man and sincere friend.”’” Crau- 
furd was appointed to the chair of Hebrew in 1719, 
showing one direction of his ‘‘universal literature.”’ 

No portrait of Craufurd appears to exist, so we can 
only guess as to his appearance. 

Until the beginning of the eighteenth century, the 
usual method of entering the medical profession was by 
undergoing apprenticeship to a physician or surgeon, 
but now it was beginning to be felt that something more 
was needed. Accordingly the Colleges of Physicians 
and Surgeons held ‘“‘colleges’’ or courses of instruction 
and influenced the Town Council to appoint professors 
in such subjects as anatomy, medicine, chemistry, 
physic, and midwifery within the University. Such 
appointments were made, and they have already been 
referred to in the cases of chemistry, physic, and of 
midwifery. This was the beginning of the University 
Medical School, which with the older Colleges of Physi- 
cians and Surgeons, has given name and fame to Edin- 
burgh as a centre of medical education. 

Craufurd does not appear to have continued his 
duties as professor of chemistry for many years. In 
1726, the Town Council appointed Dr. Andrew Plum- 
mer and Dr. John Innes to be professors of medicine 
and chemistry. Innes devoted himself entirely to 
medicine, so attention may be directed to his colleague. 
Plummer, like Craufurd, had been a student of Boer- 
haave and was a graduate of Leyden University. He 
lectured on chemical pharmacy for twenty-nine years 
and a purgative pill containing calomel and sulphurated 
antimony is still known in pharmacy under the name of 
“Plummer’s Pill.” Having analysed the water of the 
spring at Moffat and observed the salubrity of the cli- 
mate, he caused many patients to resort to it in search 
of health and thus established the reputation of Moffat 
as a health resort. 

In the absence of a portrait, the following pen picture 
by Dr. Fothergill*® is worth quoting: ‘Plummer is no 
more: he knew Chemistry well; laborious, attentive, 
and exact, had not a native diffidence veiled his talents 
as a prelector, he would have been the foremost in the 
pupils’ esteem. Such was the gentleness of his nature, 
such his universal knowledge, that in any disputed 


2 PLayrarr, L., ‘‘A century of chemistry in the University of 
Edinburgh,” Murray and Gibb, Edinburgh, first ed., 1858, p. 8. 

* THomson, J., “Life of William Cullen, M.D.,” William 
Blackwood, Edinburgh, first ed., 1832, p. 524. 
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point in Science, the great Maclaurin (Professor of 
Mathematics) always appealed to him as to a living 
library; and yet so great was his modesty, that he 
spoke to young audiences upon a point he was per- 
fectly master of, not without hesitation.”’ 

Plummer having become paralytic and unable to 
carry on his duties, the Town Council in 1755 appointed 
William Cullen to be joint professor of medicine and 
chemistry. 


FIGURE 3.—WILLIAM CULLEN 


From the biography written by John Thomson,’ 
professor of medicine and pathology in the University 
of Edinburgh, some biographical details may be se- 
lected. William Cullen was the second son in a family 
of seven sons and two daughters, his father being factor 
to the Duke of Hamilton, as well as owning a small es- 
tate in Lanarkshire. Born in 1710, he first went to the 
grammar school of Hamilton and then to the University 
of Glasgow, where he became apprentice to Mr. John 
Paisley, member of the Faculty of Physicians and Sur- 
geons, and graduated as doctor of medicine of the 
University of Glasgow in 1729. After making several 
voyages to the West Indies as ship’s surgeon and spend- 
ing some months in London with Mr. Murray, an apoth- 
ecary in Henrietta Street, he practised medicine at 
Shotts, then a small village in Lanarkshire, for a couple 
of years. The inheritance of a small legacy enabled 
him to devote his attention exclusively to study and 
in the winter sessions 1734-35-36 he attended medical 
classes in Edinburgh and became one of the founders 
of the Medical Society which received a Royal Charter 
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in 1778 and still continues to be a living force in the 
medical world. Returning to medical practice in 1736 
he numbered amongst his patients the Duke and 
Duchess of Hamilton and most of the county families 
of the district round about Hamilton. In addition to 
his professional work, Cullen interested himself in civic 
affairs and was twice elected a magistrate of Hamilton. 

In 1741 he married Anna Johnstone, a daughter of 
the minister of Kilbarchan in Renfrewshire, by whom 
he had a family of seven sons and four daughters. 
Three years after his marriage he migrated to Glasgow, 
where, in addition to private medical practice, he gave 
lectures on the theory and practice of physic, on ma- 
teria medica, on botany, and on chemistry. At first 
these lectures do not appear to have been recognized 
by the University, but in 1747 the University faculty 
ordered a sum of £52 to be appropriated for the pur- 
chase of apparatus necessary for the teaching of chem- 
istry. In the years 1747 and 1748 Cullen spent £136 
on apparatus! Thereafter he spent £20 each year on 
its upkeep. 


FIGURE 4.—WILLIAM CULLEN 


Until Cullen’s time all University lectures had been 
delivered in Latin, but he discarded Latin and em- 
ployed the English language in his teaching of chemis- 
try—a rash innovation according to many of his col- 
leagues! He devoted much study and thotight to the 
preparation of his lectures and gained the attention and 
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respect of his hearers. His opinion of the early chem- 
ists is shown in the following quotation from his open- 
ing lecture in Glasgow: “‘. . . in our lectures, you will 
notice a great many terms that may seem affectedly 
pedantic. I am quite sensible of it; but the first 
chemists were not only persons of a low taste, but they 
also affected to be mysterious, and, therefore, intro- 
duced a number of uncouth terms which cannot now 
easily be got quit of, and it is quite necessary you should 
be acquainted with the meaning of them.’’4 

After eleven years of successful work in Glasgow, 
Cullen was, as previously mentioned, appointed joint 
professor of medicine and chemistry in Edinburgh with 
Plummer in 1755. This appointment was largely due 














“Black’s Balance”’ Hope’s 


Strontia 


Crum Brown’s Crystal 
Structure 


FIGURE 5 


to the influence of the Duke of Argyle upon the Edin- 
burgh Town Council and, in those days, it may well be 
that a Duke’s influence was stronger than it is now! 
The success of Cullen as a teacher of chemistry in Ed- 
inburgh is shown by the increase in the numbers of his 
students—in the first year, 17; in the second, 59; and 
so increasing until a maximum of 145 was attained. 

Cullen always retained his interest in medicine and 
in 1766, he was transferred to the chair of institutes of 
medicine in succession to Whytt. He continued to 
lecture until 1789 and died within a few weeks of his 
retirement. 

Cullen has been described as a supreme physician, an 
admirable lecturer and as having trained a large num- 
ber of very eminent physicians.’ Of his medical writ- 
ings, several attained a wide circulation. Though a 
great experimentalist, Cullen just missed coming to a 
number of important conclusions. Thus the measure- 
ment of the latent heat of fusion of ice by his pupil and - 
successor, Joseph Black, is foreshadowed in the ex- 
periments on the production of cold by solution as in 
the melting of ice in water, of which phenomenon, 
Cullen writes: ‘‘which is extremely curious; for if the 
water be heated to 50°, and the ice be at 32°, the ther- 
mometer will sink to 32° during the solution.”> Had 
he repeated the experiment with water at higher tem- 
peratures he might have come to the general conclusion 


4 THomson, J., loc. cit., p. 31. 
5 THomSON, J., Joc. cit., p. 52. 
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arrived at by Black. He appears to have been one of 
the first to use diagrams in which the affinities of bodies 
toward each other were represented by connecting 
lines. 

Two portraits of Cullen are known; the first belongs 
to the Royal College of Physicians (Figure 3), the 
second (Figure 4) is from Kay’s ‘‘Portraits,’’® a book 
of great interest as showing, often in caricature, the 
notable and other characters of the capital of Scotland 
at that period. 

In addition to his town house, Cullen had a country 
house at Ormiston Hill, near Kirknewton, and besides 
enjoying country pursuits, was fond of a rubber of six- 
penny whist! 

Perhaps Cullen’s most distinguished student in 
Glasgow was Joseph Black, who later became his suc- 
cessor both in Glasgow and Edinburgh Universities. 
Black was born in Bordeaux in 1728, his father being a 
wine merchant, one branch of whose business was in 
that city. In early childhood he was brought to Bel- 
fast, where he received his schooling, and in 1746, 
following the example of many Irishmen, he entered 
Glasgow University as a student of medicine. He 

















FIGURE 6.—BLACK’s CHAIR FIGURE 7.—HoPE’s CHAIR 


showed so much interest and zeal in his chemical studies 
that Cullen enlisted his services as an assistant and the 
friendship thus begun was a lifelong one. In 1751 
Black came to Edinburgh to complete his medical 
studies and three years later presented for the degree of 
doctor of medicine a thesis entitled ““De Humore Acido a 
Cibis orto, et Magnesia Alba.’’ The opening paragraph 
has been presented in English translation by my col- 
league, Dr. L. Dobbin,’ as follows: ‘‘As I was thinking 
of this, my first little inaugural work, Magnesia Alba 
spontaneously presented itself, and the subject pleased 
me, chiefly because its simplicity makes it more easily 
adaptable to the prescribed limits, and more suited to 





6 Kay, J., ‘‘A series of original portraits and caricature etch- 
ings,’’ Hugh Paton, Edinburgh, first ed., 1837, vol. 1, p. 255. 

7 Dossin, L., ‘Joseph Black’s inaugural dissertation. I,” 
J. Cue. Epuc., 12, 225-8 (May, 1935). 
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FIGURE 8.—JOSEPH BLACK 


my powers. But when I considered what I had written 
on it, it did not seem to have such a relation to Medi- 
cine as the motive of the work required, and I accord- 
ingly decided to preface it with some notes, as short as 
possible, on the acid humour derived from food, for 
which alone magnesia serves as a remedy.”’ 

In a letter to Cullen,® Black writes about the thesis: 
‘“...The style through the whole is excessively dry 
and awkward, but my subject did not allow much ele- 
gance, and, though it had, I confess myself so imperfect 
in the Latin, that I really could not have attempted 
to beautify it. I perceive that the Professors here 
think my experiments new, and seem pleased with 
them, particularly Alston and Rutherford (the dis- 
coverer of nitrogen), the latter particularly, because he 
looks upon himself as the introducer of magnesia into 
practice here?” 

A fuller account of the experiments, under the title, 
“Experiments upon Magnesia Alba, Quick Lime, and 
some other Alcaline Substances” was read at a meeting 
of the Philosophical Society of Edinburgh, the pre- 
cursor of the Royal Society of Edinburgh, in 1755, 
and appeared in the Essays and Observations, Physical 
and Literary of the Society. Alembic Club Reprint 
No. 1° reproduces this paper in a convenient form. 
These ‘‘Experiments”’ are Black’s most important con- 
tributions to chemistry and are notable as introducing 
the balance and the carrying out of accurate quantita- 





8 THOMSON, J., loc. cit., p. 51. 
® Alembic Club Reprints No. 1, Wm. F. Clay, Edinburgh, 
first ed., 1893. 
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tive experiments. For many years the balance pic- 
tured in Figure 5 has been preserved in the Chemistry 
Department Museum with the label ‘‘Black’s Balance’’ 
attached, but recent investigations by Professor Mel- 
drum cast some doubt upon the veracity of the descrip- 
tion. There is no doubt, however, as to the genuine- 
ness of Black’s chair (Figure 6) and Hope’s phial of 
strontia (Figure 5), and also Hope’s chair (Figure 7), 
all of which are carefully preserved. 
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FIGURE 9.—JosEPH BLACK 


Black’s great contribution to physics was the dis- 
covery of latent heat. Reference has already been 
made to Cullen’s experiments, but it was not until 
1762 that Black explained his theory of latent heat to 
the Philosophical Club or Society of Professors at 
Glasgow and it only appeared in print some forty years 
later in the edition of Black’s Lectures, by Robison, 
dated 1803. 

As already mentioned Black succeeded Cullen both 
in Glasgow and in Edinburgh. In the University of 
Glasgow he gave lectures on medicine as well as on 
chemistry. After coming to Edinburgh in 1766, Black 
lectured on chemistry only and apparently the state 
of his health accounted for his disinclination to further 
experimental research. He was, however, a supporter 
of the antiphlogistic doctrines set forth by Lavoisier 
and, at the instance of the latter, was honoured by 
election as a foreign member of the French ‘‘Académie.”’ 

Two portraits of Black are well known. The first 
(Figure 8) is from a painting and the second (Figure 9) 
from Kay’s Portraits.'° In the first, we find confirma- 
tion of the description of him as being of a very modest, 
gentle, and sincere character. The society, in which he 





10 Kay, J., loc. cit., p. 54. 
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moved included such distinguished men as James Watt, 
the engineer; David Hume, the historian; and Adam 
Smith, the author of ‘‘The Wealth of Nations.” He 
died in his 71st year, while sitting alone at table, and 
so completely without a struggle that a cup of milk was 
found resting on his knees and steadied by his hand, 
without a drop having been spilt. Even in his last 
will and testament he showed quantitative exactitude, 
directing that his property be divided into 10,000 
shares, so as to be able to allot to his various relatives 
the amount which he thought each could claim. 
Black’s successor to the chair of chemistry was 
Thomas Charles Hope, who was born in 1766, the year 
in which Black was appointed to the chair. Hope was 
the third son of Dr. John Hope, professor of botany 
and founder of the Botanical Gardens of Edinburgh. 
Educated at the High School and the University of 
that city, he graduated in medicine in 1787 and there- 
after lectured in Glasgow until 1795, when he was 
appointed joint professor with Black whose health was 
failing; and on the death of the latter, he became sole 
professor. Hope devoted much attention to his lec- 





FicuRE 10.—TuHomas CHARLES Hope 


tures and the growth of his class was phenomenal. 
Under Black the number of students had risen to 225, 
while under Hope the number rose to 575 in' the year 
1823. This entailed the provision of a large lecture 
theatre and in January, 1820, thirty-one years after the 
foundation stone of the ““New College of Edinburgh” 
(now called ‘‘The Old College’) had been laid by Lord 
Napier, the Grand Master Mason of Scotland, the 
chemistry classroom in the southwest corner of the 
College was reported by Playfair, the architect, to be 
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ready for occupation. It may be mentioned here, that 
when the ‘‘New Buildings” for the Medical Faculty 
were completed in 1884, the Chemistry Department 
vacated its class rooms in favour of the Zodlogical De- 
partment and was given new premises occupying the 
northwest corner of the “‘New Buildings.” Thirty- 
five years later, Chemistry in Relation to Medicine 
was instituted as a separate department, retaining the 
premises in the ‘‘New Buildings,’ and the Chemistry 
School was transferred to its present palatial quarters 
at King’s Buildings, which have been described in 
THIS JOURNAL." 

Toward the end of Hope’s life, at a gathering of 
more than two hundred gentlemen of rank and learning, 
Lord Meadowbank in proposing his health said: “. . . 
He (Hope) made himself master of all that was known 
in chemical science—of all that was going on within its 
bounds—of everything that had been ascertained, or 
was in process of investigation. This was digested into 
a course of lectures, conceived in the most plain and 
intelligible language, so constructed that no individual 
who heard them, of the most ordinary capacity, could 
not follow clearly and distinctly every word he uttered. 

..’12 Would that this could be said of all present- 
day professors! In the course of his reply, Hope stated 
that during the fifty-one years of his tenure of the chair, 
he had not been detained from his labours more than 
six days by indisposition. Surely a record. 

Hope’s name is associated with the discovery of the 
earth strontia, or ‘‘strontites’’ as he originally named 
it. He communicated his discovery. to the Glasgow 
College Literary Society in 1792 and in the following 
year to the Royal Society of Edinburgh under the title 
“An Account of a Mineral from Strontian, and of a 
Peculiar Species of Earth which it contains.”” (Vide Fig- 
ure 5.) Strontian (pronounced Stronteean) is a small 
village in Argyllshire and the mineral is now called 
strontianite (SrCO;). An interesting piece of work 
published by Hope in 1800 was on the contraction of 
water by heat, when he showed that its maximum den- 
sity was at 39.1°F. 

Until Hope’s time students were not given the oppor- 
tunity of doing practical chemistry. When the new 
department was opened, space was given to Dr. Ander- 
son, Hope’s assistant, and he began the teaching of 
practical chemistry. 

The best portrait of Hope is by Raeburn and the 
engraving (Figure 10) from the painting shows him to 
have been a man of imposing presence. An interesting 
point with regard to the engraving is that on the visit 
of George IV to Edinburgh, it was reproduced as the 
portrait of King George, the only alteration being the 
introduction of the sash of the Order of the Garter 
across his chest. 

One anecdote handed down to me as showing that 
Hope occasionally lapsed into broad Scots says that 
during a lecture, an excited student threw peas at the 





11 WALKER, J., J. CHEM. Epuc., 4, 570-3 (May, 1927). 
12 Kay, J., loc. cit., vol. 11, p. 451. 
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Professor, and some struck him on the face, whereupon 
he started off to reprimand the offender in dignified 
language, which suddenly altered, saying—‘‘Such con- 
duct is unbecoming of a gentleman and moreover—it’s 
daum’d sair!” 

The memory of Hope is kept alive by the annual 
award of the Hope Prize Scholarships to the most de- 
serving students in the chemical laboratory. The 
original gift of £800—given by Hope to the Senatus and 
since supplemented—now provides an income of about 
£150 a year. 

On the death of Hope in 1844, William Gregory was 
appointed to the chair. Gregory, born in 1803, was 
the son of Dr. James Gregory, professor of the insti- 
tutes, and later, of the practice of medicine, whose prod- 

















FIGURE 11.—WILLIAM GREGORY 


uct, ‘““Gregory’s Mixture,” is still offered to young 
people as an alternative to castor oil. He studied 
under the great Liebig and subsequently translated 
several of Liebig’s writings. After a varied teaching 
experience in Edinburgh, Glasgow, Dublin, and Aber- 
deen, he succeeded Hope in Edinburgh. The portrait 
(Figure 11) of Gregory shows him as a man of large 
build, but due to a fever in his youth, he was precluded 
from much walking and condemned to an almost 
sedentary life. He was noted as a microscopist, a 
linguist, and a musician. He died in 1858 at the com- 
paratively early age of fifty-five. 

The next occupant of the chair was a man of affairs— 
Lyon Playfair, subsequently Baron Playfair of St. 
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Andrews. Playfair’s grandfather was Principal of St. 
Andrews University in 1800 and his father a medical 
officer in the Indian army. He was born in 1818 at 
Chunar, Bengal, and at six years of age was sent to the 
parish school of St. Andrews and at the mature age of 
fourteen to the University as a “‘Bejant.” From St. 
Andrews he went to Glasgow with a view to business 
training, but disliking office work he became a student of 
medicine at the Andersonian College. There he studied 
under Professor Thomas Graham, whose work on diffu- 
sion perpetuates his name, and had as fellow-students 
David Livingstone, the explorer of the Dark Continent, 
and James Young, whose foresight and energy de- 
veloped the shale paraffin industry in Scotland. Play- 
fair continued his medical studies at Edinburgh Uni- 
versity for a short period, but ill health compelled him 
to take a voyage to India in 1837, and, on his return, he 
followed Graham to University College, London. The 
fame of Liebig then attracted him to Giessen, where he 
produced his first scientific paper, “‘On a New Fat in 
the Powder of Nutmegs.’’ From Giessen he went to 
Manchester and did very varied work until 1858, when 
he was appointed to the chair of chemistry in Edin- 
burgh. This work included the management of calico 
printing works for two years; honorary professorship 
of chemistry in the Manchester Royal Institution; 
membership of Royal Commissions on Sanitary Condi- 
tions in large Towns, Irish Famine, and the 1851 Ex- 
hibition; and joint secretaryship of the Department 
of Science and Art. 

In Edinburgh, Playfair (Figure 12) showed himself 
an able organizer and he created a really useful teaching 
laboratory and introduced a system of class examina- 
tions which is still adhered to. He numbered among 
his students the Prince of Wales (later King Edward 
VII) and Prince Alfred (later) Duke of Edinburgh. 
Of the former, Wemyss Reid'* tells the following story: 
“The Prince and Playfair were standing near a caul- 
dron containing lead which was boiling at white heat. 
‘Has your Royal Highness any faith in science?’ said 
Playfair. ‘Certainly,’ replied the Prince. Playfair 
then carefully washed the Prince’s hand with ammonia 
to get rid of any grease that might be on it. ‘Will you 
now place your hand in this boiling metal, and ladle 
out a portion of it?’ he said to his distinguished pupil. 
‘Do you tell me to do this?’ asked the Prince. ‘I do,’ 
replied Playfair. The Prince instantly put his hand 
into the cauldron, and ladled out some of the boiling 
lead without sustaining any injury. Itis a well-known 
scientific fact that the human hand, if perfectly 
cleansed, may be placed uninjured in lead boiling at a 
white heat, the moisture of the skin protecting it under 
these conditions from any injury. Should the lead be 
at a perceptibly lower temperature, the effect would, 
of course, be very different. It requires, however, 
courage of no common order for a novice to try such an 
experiment, even at the bidding of a man so distin- 


: tity ae 
guished in science as was Playfair. ; 


18 Reip, W., “Memoirs and correspondence of Lyon Playfair,”’ 
Cassell & Co., New York, first ed., 1899, p. 201. 
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On the universities being given parliamentary repre- 
sentation, Playfair stood as a candidate for St. An- 
drews and Edinburgh and was elected in 1868 and sat 
for seventeen years in the House of Commons. He 
resigned the chair of chemistry in 1869 and his subse- 
quent career was largely political. For a short period 
he was Postmaster General and was responsible for the 
introduction of the half-penny post-card. He died in 
1898. 





FIGURE 12.—LYON PLAYFAIR 


Many honours came to Playfair. He was elected a 
Fellow of the Royal Society in 1848 and President of 
the Chemical Society for 1857-59. He was created a 
Knight Commander of the Order of the Bath (K.C.B.) 
in 1883 and Baron Playfair of St. Andrews in 1892. 

His successor was Alexander Crum Brown, a son of 
the Reverend Doctor John Brown, a distinguished 
Presbyterian divine, who was twice married. A son 
by the first marriage was John Brown, M.D., the author 
of two charming books—‘‘Rab and his Friends” and 
“Hore Subsecive.”” A. Crum Brown, born in 1838, 
was the only son of the second marriage. Educated 
at the High School and University of Edinburgh, he 
graduated there as M.A. in 1858 and M.D. in 1861 and 
was the first to gain the degree of D.Sc. of London Uni- 
versity in 1862. After some time with Bunsen in 
Heidelberg and with Kolbe in Marburg, Crum Brown 
settled down in Edinburgh and from 1863 until 1869 
he was lecturer in chemistry in the Royal College of 
Surgeons. The number of his students was very small 
and the story goes that one day he came home saying 
“my student has not turned up.” 

On the retirement of Lyon Playfair in 1869, Crum 
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Brown was appointed to the chair, which he occupied 
for nearly forty years. His first year course of lec- 
tures was attended by very large numbers of students— 
sometimes approaching six hundred. A most interest- 
ing lecturer with a most acute sense of humour, he was 
loved by his students, though their welcome to him on 
beginning a lecture was a somewhat noisy demonstra- 
tion. To the advanced students he was the embodi- 
ment of chemical knowledge. Every student of or- 
ganic chemistry knows Crum Brown and Gibson’s rule 
of substitution in the benzene nucleus, but compara- 
tively few know of, or remember, Crum Brown’s early 
work done in the sixties on graphic formulation or that 
on substitution in various alkaloids; or of investiga- 
tions of organic sulphur compounds in the seventies; 
or of crystal structure in the eighties (see Figure 5, 
model of sodium chloride crystal structure); or of the 
electrolytic syntheses of dibasic acids in the nineties. 





FIGURE 13.—A. Crum BROowN 


Crum Brown was elected a Fellow of the Royal 
Society in 1879 and President of the Chemical Society 
in 1891-93 and all four Scottish universities conferred 
upon him their honorary degrees. He devoted much 
time to the service of the Faculty of Medicine and it 
was said that he might have filled the chairs of physi- 
ology or pharmacology acceptably. Besides his scien- 
tific attainments, Crum Brown had a gift for languages 
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and acquired proficiency in the western’ European 
languages and was credited also with a knowledge of 
Chinese. 

His interest in church affairs was great and he used 
to tell with great glee the story of the Indian student 
who offered to rent two sittings in Crum Brown’s 
church if he let him through the first professional ex- 
amination. 


























FIGURE 14.—BENJAMIN RUSH 


On his retirement in 1908, he was succeeded by his 
pupil, James Walker (now Sir James) and among 
others of his distinguished pupils may be mentioned 
Alexander Smith (Chicago and Columbia Universities), 
Sir David Masson (Melbourne University), and James 
Kendall (Columbia, New York, and Edinburgh Uni- 
versities). 

The portrait (Figure 13) shows Crum Brown as an 
old man, but does not convey the lively expression 
which those of us who had the privilege of knowing 
“Crummie,”’ delighted to see. For some years before 
his death in 1922, Crum Brown led the life of an invalid, 
but to the end he retained that sparkling wit, which 
endeared him to all. 

From the foregoing narrative it may be noted that 
the Edinburgh chair has been occupied by men who 
had been Edinburgh students and, after a ripe experi- 
ence gained elsewhere, were recalled by their Alma 
Mater. Of the thousands who did not return, many 
interesting stories might be written, but perhaps the 
most appropriate to THIS JOURNAL is that of Benjamin 
Rush, M.D., a student of Joseph Black in 1768, who 
returned to America to be the first professor of chemis- 
try in the University of Pennsylvania in 1769 and was 
a signatory of the Declaration of Independence on the 
4th of July, 1776. Rush wrote from Edinburgh to Dr. 
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John Morgan, also an Edinburgh graduate, founder of 
the Medical School of the University of Pennsylvania: 
“T thank you for the pains you have taken to secure me 
the Professorship of Chemistry. I think I am now mas- 
ter of the science, and could teach it with confidence 
and ease. I have attended Dr. Black for two years 
diligently, and have, I think, received from him a com- 
prehensive and accurate view of the science, together 
with all his latest improvements in Chemistry, which 
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are of so important a nature that no man, in my opinion, 
can understand or teach chemistry as a science without 
being acquainted with them.’’ The confidence of Rush 
is in marked contrast to the modesty of Black, and the 
portrait (Figure 14)!* shows him to have been a man of 
strong personality. 





14 SmitH, E. F., ‘Old chemistries,” McGraw-Hill Book Co., 
Inc., New York City, 1927, frontispiece. 
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INTRODUCTORY 


HE BEGINNINGS of the study of the chemical 
nature of soil organic matter date back to the 
latter part of the eighteenth and early nineteenth 
centuries, when organic chemistry was still in its 
infancy, and when organic compounds were considered 
to be simple in composition, similar to inorganic sub- 
stances. As a result of this conception, humus was 
believed to comprise a few simple, dark-colored com- 
pounds, obtained by treatment of rotting wood, of 
soil, or of peat with alkali solutions. When a mineral 
acid was added to these extracts, dark amorphous 
precipitates were produced, which were designated as 
“humic acids.’ Various hypothetical formulas were 
attached to these, based entirely upon their elementary 
compositions. These “humic acids’’ were mere prepa- 
rations rather than chemical entities; they varied 
considerably in chemical composition, depending on 
the nature of the material from which they were ob- 
tained and on the method of preparation. Not only 
different sources, such as coal, peat, or mineral soil, 
but even the same general source, taken from different 
regions, yielded different preparations. The nature 
of the alkali and its concentration, the time and tem- 
perature of extraction, the nature and amount of acid 
used for neutralization—all modified the nature of the 
preparation obtained. Such eminent chemists as 
Vauquelin, Sprengel, Berzelius, Mulder, and Hermann 
(1) gave prestige to the numerous ‘“‘humic acids” that 
were soon described. 
Various dark-colored preparations were also ob- 
_ tained by treatment of sugars and other carbohydrates 
with acids or alkalies; these were also designated as 
“humic acids’ and were believed to be chemically the 


same as the natural preparations. Some chemists 
went so far as to claim that the natural humus com- 
pounds originate by processes similar to those em- 
ployed in the formation of these artificial preparations. 
In spite of a century and a half of progress in the study 
of humus, considerable confusion still exists today in 
regard to this group of ill-defined complexes, which 
play such an important réle in soil fertility by serving 
as a reservoir of plant nutrients, and which represent 
the greatest storehouse of available energy on this 
planet. 

Humus formation in nature, whether in soil or in 
composts, in peat bogs or in water basins, must be 
considered as an accumulation of substances, of plant 
and animal origin, resistant to further decomposition. 
However, although it is now generally agreed that 
humus is formed as a result of decomposition of plant 
and animal residues, primarily the former, by micro- 
organisms, many chemists still, persist in their belief 
that this process is a result of action of atmospheric 
agencies or of infiltration of inorganic compounds. 

The most important limitation in the majority of 
investigations on the origin and chemical nature of 
humus was the lack of recognition of the agencies 
concerned in its formation under natural conditions; 
further, humus is not simple but highly complex in 
composition and is formed not only by processes of 
decomposition but also by those of synthesis. Only 
when the nature of the microbial population of the soil 
became better understood, when the rdle of these 
microérganisms in the decomposition of plant and 
animal residues became established, was there a 
definite attempt made to correlate the chemical compo- 
sition of humus with that of the mother substances 
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from which it originated and with the activities of the 
microérganisms bringing about its formation. The 
latter were shown to be the primary agents in the 
decomposition of residues of organic life in field, 
pasture, and forest soils, in composts, and in peat bogs. 
Under certain conditions, as in well-aérated composts 
and in cultivated soils, the organic substances are de- 
composed rapidly and completely, with the result that 
humus does not accumulate; under other conditions, 
which are unfavorable for the activities of many 
microérganisms, as in peat bogs and in acid forest soils, 
decomposition is delayed and humus accumulation 
takes place. 

Our knowledge of humus is still incomplete. Al- 
though some of its physical and chemical properties 
are well established and the conditions of its formation 
and decomposition are better understood, the function 
of the various plant and animal constituents in its 
formation, and the chemical nature of the humus as 
a whole are still questions subject to considerable 
debate and speculation. Such arbitrary questions 
as the nomenclature of humus, the nature of the 
complexes which should be included under this term, 
the contribution of the major plant constituents, 
namely the cellulose, pentosans, proteins, and lignins, 
to its formation, still continue to arouse considerable 
interest. Some of the major reasons for the existing 
confusion in the literature on humus are: (1) the use 
of the term ‘‘humus”’ to designate different prepara- 
tions; (2) the continued assumption that humus is 
made up of a few simple hypothetical ‘humic acids’; 
(3) the belief that it is formed by a specific “humi- 
fication’ process distinct from the normal processes 
of decomposition. The term ‘“humus’’ has_ been 
applied to: (a) the soil organic matter as a whole, 
(b) the alkali-soluble portion of the organic matter, 
(c) the alkali-soluble and acid-precipitated part of 
the humus, (d) that fraction of the decomposing organic 
matter which is acted upon by weak oxidizing agents, 
(e) that part of the humus which is not acted upon by 
acetyl bromide (‘‘pure humus’’). 

It is now commonly agreed that humus is not a 
single chemical compound, but is complex in compo- 
sition, depending on the nature of the materials from 
which it has originated, the extent of their decompo- 
sition, the conditions under which decomposition has 
taken place, and the nature of microérganisms active 
in the decomposition processes. A number of humus 
types are found in nature, in a state far from homo- 
geneous; they are distinct from one another in their 
physical and chemical properties; however, they still 
possess the characteristics of humus as a whole. Humus 
is thus found to possess, on the one hand, certain 
generic properties which distinguish it from other 
types of organic matter in nature, namely plant sub- 
stance and animal substance; on the other hand, 
different forms of humus possess specific properties 
which can be used as a basis for its subdivision into a 
variety of forms. One returns, therefore, to the early 
conception and classification of humus by Linneaus, 
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with the only difference that this early botanist con- 
sidered humus as a specific ecological body; however, 
the present basis for its separation is the accumulated 
knowledge of its chemical composition and processes 
of its formation. Since humus, in whatever condition 
it is, forms an excellent medium for the growth of 
numerous types of microdrganisms, it is never constant 
in composition, in a natural state; the same type of 
humus may, therefore, vary considerably, since it is 
in a dynamic state and undergoes continuous change. 


CHARACTERISTICS OF HUMUS 


Humus is a complex aggregate of brown to dark- 
colored amorphous substances, which have originated 
during the decomposition of plant and animal residues 
by microdérganisms, under aérobic and anaérobic 
conditions, usually in soils, composts, peat bogs, and 
water basins. Chemically, humus consists of certain 
constituents of the original plant bodies resistant to 
further decomposition; of substances undergoing 
decomposition or resulting from decomposition, by 
processes of hydrolysis, oxidation and reduction, and 
of various compounds synthesized by microérganisms. 
Humus is a natural body; it is a composite entity, 
just as are plant, animal, and microbial substances; 
it is even much more complex chemically, since all 
these materials contribute to its formation. Humus 
possesses certain specific physical, chemical, and 
biological properties which distinguish it from other 
natural organic bodies. Humus itself, as well as the 
products of interaction of some of its constituents with 
certain inorganic compounds, forms in the soil complex 
colloidal systems, the different constituents of which 
are held together by surface forces; these systems are 
adaptable to changing conditions of reaction, moisture, 
and action of electrolytes. 

Humus is practically insoluble in water, although a 
part of it may form a colloidal dispersion in pure water. 
It dissolves to a large extent in dilute alkali solution, 
especially on boiling, giving a dark colored extract; 
on neutralization with mineral acids, a dark flocculent 
precipitate is formed. Humus has a higher carbon 
content than the plant, animal, and microbial sub- 
stances from which it originated, usually 52 to 55 
per cent., and frequently as high as 58 per cent. Humus 
contains a considerable amount of nitrogen, namely 
3 to 6 per cent., in lowmoor and sedimentary peats, 
and in mineral soils. Frequently, the nitrogen con- 
centration is less; in the case of certain highmoor 
peats, for example, the nitrogen content may be only 
0.5-0.8 per cent.; however, it may also be higher, 
especially in subsoils, frequently reaching 8 to 10 
per cent. Many forms of humus contain the elements 
carbon and nitrogen in a ratio close to 10:1; this is 
true of the majority of field and garden soils and of the 
humus in sea bottoms. This ratio varies considerably 
with the nature of the humus, the stage of its de- 
composition, the nature and depth of soil from which 
it is obtained, and the climatic and other environmental 
conditions under which it is formed. 
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Humus supplies the necessary nutrients for the 
growth of numerous groups of microérganisms in the 
soil, and gives off, during its decomposition, a continu- 
ous stream of carbon dioxide and ammonia. Humus 
is also characterized by a high base-exchange capacity, 
by its buffering properties, considerable absorption 
of water, capacity of swelling, as well as by other 
physical and physicochemical properties which make 
it a highly valuable constituent of soils for the support 
of plant and animal life. The functions of humus in 
the soil are, therefore, threefold: (1) physical, thereby 
modifying the color of the soil, its texture, structure, 
moisture-holding capacity, and aération; (2) chemical, 
by influencing the solubility of certain elements, such 
as iron, thereby rendering them more readily available 
for plant growth, and by increasing the buffering 
properties of the soil; (3) biological, by serving as a 
source of energy for the development of microérgan- 
isms, as well as by making the soil a better medium 
for the growth of higher plants; as a result of its de- 
composition, nutrients essential for plant life are 
gradually liberated. 

Although there is no doubt that, because of their 
réle in plant nutrition, the most important forms of 
humus are those found in field, garden, pasture, and 
forest soils, other forms of humus exist, which have 
industrial and other applications. The function of 
humus in plant and animal life in the sea and in inland 
water basins is still a matter of conjecture, although 
its importance is well recognized. Humus in coal and 
in peat represents a source of fuel which has been util- 
ized as one of the major agents in the development of 
modern industrial civilization. The function of humus 
in the origin of petroleum is also still in dispute. 

The accumulated knowledge concerning the origin 
and chemistry of humus permits a logical system of 
classification, based entirely upon the processes and 
conditions of its formation. 


A. Humus types formed by decomposition of plant and 
animal residues under aérobic, or, only partly 
anaérobic, conditions, in composts and in soil: 


I. Humus of composts: stable manures; composts 
of plant residues, with or without addition of 
inorganic salts (“artificial manures’). 

II. Humus in soil: 

1, Plant residues decomposed under conditions 
of high acidity or low temperature, or both: 
raw humus in forest soils and in heath soils; 
alpine humus. 

2. Plant residues decomposed under less acid, 
neutral, or alkaline conditions: typical soil 
humus. 

B. Humus types formed by decomposition of plant and 
animal residues under anaérobic conditions: 

I. Recent formations: highmoor, lowmoor and 
sedimentary peats. 

II. Old formations: soft (brown coals, lignites) and 
hard coals (anthracites). : 

C. Humus types formed in water basins: 
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I. Recent formations: water-soluble humus and 
humus in lake and sea bottoms. 
II. Geologic formations: source beds of petroleum. 


These different types of humus differ considerably 
from one another in chemical composition, because 
of differences in the nature of the materials from which 
they originated, conditions of decomposition, and 
extent of decomposition. Some of the major types 
are usually subdivided into several subtypes. Fre- 
quently, humus in mineral soils is separated, on the 
basis of its agricultural utilization, into two general 
types: “acid humus” and ‘mild humus.’’ The latter 
is rich in, if not saturated with, calcium, magnesium, 
and other bases, while the former contains largely 
hydrogen in its exchange complex and little, if any, 
calcium and magnesium. Under ‘acid humus,” one 
usually understands humus of highmoor peats, the 
organic matter in raw humus forest soils, and some- 
times humus of acid sandy soils. ‘Mild humus” 
represents the typical humus of grassland soils (tcher- 
nozems), of forest mull soils, and of similar formations. 
The distinctions between these two types of humus 
are not based upon marked differences in chemical 
composition, nor upon their formation under different 
climatic, soil, or vegetation conditions; they are 
believed to be different because the nature of the bases 
saturating the exchange complex is different. How- 
ever, the mere addition of calcium to an ‘‘acid humus”’ 
does not change it into a ‘‘mild humus’; it would take 
many years of decomposition before this could take 
place. 


DECOMPOSITION OF PLANT RESIDUES AND FORMATION 
OF HUMUS 


An extensive literature (2) has accumulated on the 
decomposition of plant and animal residues in soils 
and in composts, and on the réle of the numerous 
aérobic and anaérobic bacteria and fungi concerned 
in the process. However, insufficient emphasis has 
been laid upon the chemical processes of transforma- 
tion of the organic substances as a whole as well as of 
their individual constituents. The processes of de- 
composition were usually measured either by a loss 
in the total dry weight of the material or by the forma- 
tion of one of the final reaction products, such as carbon 
dioxide, ammonia, or nitrate. Only in isolated in- 
stances was there any attempt made to follow the 
disappearance of the more important organic com- 
pounds, such as the cellulose, hemicelluloses, proteins, 
or lignins. As a result of this, comparatively little 
information is available concerning the processes 
which lead to the formation and accumulation of 
humus. This has frequently been veiled by the use 
of such vague generalizations as “decay,” ‘‘putre- 
faction,”’ and ‘‘fermentation.”’ It is sufficient to point 
to the extensive literature on the ‘‘fermentation’’ of 
stable manure; numerous contributions have been 
made to our knowledge of the changes in the numbers 
and types of microérganisms in manures which have 
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been kept under different conditions, to the formation 
of ammonia and nitrate from the manure, and to the 
influence of fresh or composted manure upon the physi- 
cal and chemical conditions of the soil and upon plant 
growth; however, one is still largely in the dark con- 
cerning the major processes which take place during the 
decomposition of manure under aérobic and anaérobic 
conditions, and especially on the relation of manure 
to the formation and accumulation of humus (3). 

A knowledge of the various processes involved in 
the decomposition of fresh organic residues in compost 
heaps or in soils involves an understanding of: (a) the 
chemical composition of these residues; (b) the nature 
of the microérganisms active in the decomposition 
processes, especially under various conditions of tem- 
perature, aération, and moisture; (c) the transforma- 
tion of the specific organic and inorganic constituents 
brought about by the agency of microérganisms; (d) 
the influence exerted by one group of constituents 
upon the decomposition of another, as in the influence 
of carbohydrates upon the transformation of nitroge- 
nous complexes; (e) the mechanism of liberation of 
the nutrient elements, namely the carbon, nitrogen, 
phosphorus, and potassium, in forms available to 
plant growth; (f/f) the gradual formation and accumu- 
lation of organic complexes which are more resistant 
to decomposition, namely the humus substances. 

It is not at all necessary to make a detailed analysis 
of the numerous organic materials which find their 
way into the soil, or to account for all the chemical 
compounds which they contain. The chemical nature 
of some of the compounds is still imperfectly under- 
stood (e. g., the lignins and certain hemicelluloses). 
However, for most practical purposes, it is sufficient 
to make only a proximate analysis of the chemical 
composition of the different materials. Various sys- 
tems of analysis have been proposed, in which the 
more abundant groups are determined, namely the 
cellulose, hemicelluloses, lignins, proteins, fats. and 
waxes, water-soluble substances, and mineral con- 
stituents; these groups account for 85 to 96 per cent. 
of the total constituents in the majority of plant and 
animal residues; in some cases, as in sphagnum mosses 
and alge, the common method has to be modified 
so as to include the polyuronides and certain other 
compounds (4). 

TABLE 1 


PROXIMATE CHEMICAL COMPOSITION OF VARIOUS PLANT MATERIALS 
(Per cent. of dry material) 


Old 
Chemical Corn Rye Oak Alfalfa Pine Cypress 
Constituents Stalks Straw Leaves Plants Needles Wood 


Ether- and alcohol- 
soluble fractions 5.99 5.33 6.44 10.41 23.92 5.45 


Cold- and hot-water- 
soluble fractions 14.14 6.26 13.93 17.24 7.29 3.18 


Hemicelluloses 17.63 21.10 12.93 8.52 18.98 11.16 
Cellulose 29.67 38.62 13.78 26.71 16.43 37.62 
Lignins 11.28 14.63 30.30 10.78 22.68 28.21 
Protein 1.98 0.81 4.25 8.13 2.19 0.66 
Ash 7.53 5.09 5.09 10.30 2.51 0.76 


92.09 94.00 87.04 


Total accounted for 88.22 91.84 86.72 


The proximate compositions of several typical plant 
materials are reported in Table 1. 


The wood products 
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are high in lignin and in polysaccharides, but low in 
nitrogen; the cereal straw and the corn stalks are 
high in carbohydrates, they contain much less lignin, 
and are low in nitrogen; the leguminous plants are 
high in nitrogen and low in lignin. 

When plant residues undergo decomposition, the 
different organic compounds are not attacked at the 
same rate. This is brought out in the next three 
tables. In the destruction of wood by various fungi, 
there is a rapid loss in cellulose and in pentosan, and 
an increase in the lignin constituents, the latter being 
measured by the methoxyl content; however, the 
lignin does not remain as such but is modified con- 
siderably, as shown by its greater solubility in dilute 
alkali solution (Table 2). This type of wood de- 
composition is not universal, however, since other 
fungi can attack both the cellulose and the lignin in the 
plant material. When rye straw was allowed to under- 
go aérobic decomposition for a period of two months, 
in the presence of added available nitrogen and in- 


TABLE 2 


CHANGES IN THE CHEMICAL COMPOSITION OF Woop AS A RESULT oF ITS 
DeEcoMposiTION (ROSE AND LISSE) 
(Per cent. of dry wood) 
Methoxyl Alkali- Methyl- 
Cellulose Pentosan Groups soluble pentosan 
58.96 7.16 3.94 10.61 2.64 


Chemical Constituents 


Fresh wood 
Partly decomposed wood 41.66 6.79 5.16 38.10 3.56 
Fully decomposed wood 8.47 2.96 7.80 65.31 6.06 


organic minerals, and at optimum temperature (25°C.) 
and moisture (75%), there was a rapid reduction of the 
cellulose and pentosan, a limited reduction in lignin 
content, and an increase in the concentration of pro- 
tein; the latter was due to the synthesis of cell sub- 
stance by microérganisms, which use the energy made 
available in the decomposition of the carbohydrates 
and assimilate the inorganic nitrogen added to the 
compost (Table 3). As a result of these changes, the 
resulting compost contained a lower concentration of 
carbohydrates and a greater concentration of lignin 


TABLE 3 


COMPOSITION OF THE FRESH ORGANIC MATTER IN RYE STRAW AND OF 
DEcoMPOSED STRAW MATERIAL (WAKSMAN AND TENNEY) 
(Per cent. on basis of dry material free from ash and water-soluble con- 


stituents) 
Decomposed Organic Matter 
On Basis of 
Fresh Relative Original 
Straw Composition Material 
Total organic matter (free from ash 
and water-soluble constituents) 100.00 100.00 58.03 
Pentosan 26.00 17.71 10.28 
Cellulose 41.44 31.54 18.30 
Lignins 22.52 34.43 19.98 
Protein 1.19 5.92 3.41 


and protein. Similar results have usually been re- 
ported for the decomposition of the various plant 
constituents during the composting of stable manure; 
this is brought out in Table 4, in which some of the 
earliest and most careful analyses on the decomposition 
of plant and animal residues are reported. 

Most of the plant residues which undergo de- 
composition in soils and in composts are very low in 





BaF PT REANDS 


SARTO MR a: orem Tyo T I 


es ae 


i a Tyo 


sar ge or pater: 








SMES BI Lt 








NovEMBER, 1935 


TABLE 4 


CHEMICAL COMPOSITION OF MANURE AND RESIDUE AFTER MUSHROOM 
GrowTH (HEBERT AND HEIm) 
(Per cent. of dry material) 


Spent 
Fresh Com posted Mushroom 

Constituents Manure Manure Manure 
Mineral substances 13.00 31.25 40.00 
Fats 4.00 0.70 0.60 
Cellulose 35.20 24.25 13.60 
Xylans, etc. 24.83 10.86 12.70 
Vasculose (lignin) 9.60 15.00 13.40 
Gums, tannins, organic acids 5.25 2.19 6.27 
Protein 8.12 15.75 13.43 

Ammonia nitrogen 0.290 0.005 0.032 


nitrogen. The rate of their decomposition under 
aérobic conditions is usually limited by the supply of 
available nitrogen, or by the rapidity with which this 
nitrogen becomes available. Because of this rela- 
tionship, carbohydrates and other nitrogen-free sources 
of energy influence markedly the liberation of the 
nitrogen in an available form. It has been known for 
a long time that ammonia formation from proteins by 
microérganisms can be repressed by the addition of 
carbohydrates. This influence was at first ascribed 
to some injurious action of the carbohydrates upon 
the microérganisms or to the production of some acid 
in the process of their decomposition. However, it 
was later found that this effect was due to the pref- 
erential utilization of the carbohydrates as sources of 
energy with consequent preservation of the proteins. 
In the decomposition of carbohydrates and other non- 
nitrogenous sources of energy, microérganisms utilize 
a certain part of the carbon for the synthesis of their 
cell substance. In order to bring this about, a source 
of available nitrogen is also required. Under aérobic 
conditions of nutrition and given a source of available 
energy, the organisms are able to synthesize a quan- 
tity of cell substance proportional to the amount of 
carbohydrate decomposed; in this process, nitrogen 
is converted from an inorganic into an organic form. 
The ratio between the carbohydrate decomposed and 
the nitrogen required by the microérganisms for cell 
synthesis was found to vary with the organisms and 
conditions of nutrition. It has been demonstrated 
(5), for example, that pure cultures of fungi, growing 
on a simple mineral medium with cellulose as the only 
source of energy, are able to consume one part of 
nitrogen for every 30 parts of cellulose decomposed; 
in the case of mixed microbial populations, 40 to 50 
parts of the cellulose may be decomposed for every 
unit of nitrogen assimilated. This relationship be- 
tween the available energy and the amount of nitrogen 
required by the organisms for cell synthesis lies at the 
basis of our understanding of the liberation of nitrogen 
in an available form when plant and animal residues 
are undergoing decomposition, especially when plant 
materials low in nitrogen are plowed under or used 
in the preparation of artificial manures; it also explains 
the injurious influence of straw upon plant growth 
and the influence of the age and nature, of the plant 
upon the rapidity of its decomposition. 

When the plant is young and its nitrogen content is 
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high, 1t decomposes very rapidly, as can be conveniently 
measured by the course of evolution of carbon dioxide; 
a large part of the nitrogen is rapidly liberated as 
ammonia, which is then gradually oxidized, under 
favorable conditions of aération and reaction, to 
nitrate. When the nitrogen content of the plant is 
about 1.5 per cent. or above, there is just sufficient 
nitrogen for the decomposition to proceed rapidly; 
after about one month, at optimum moisture and tem- 
perature, some of the nitrogen begins to become 
liberated. The higher the nitrogen content of the 
material undergoing decomposition, the greater the 
relative amount of nitrogen that is liberated in an 
available form. When the nitrogen content of the 
plant is less than 1.5 per cent., additional nitrogen is 
required to bring about rapid decomposition of the 
material; this added nitrogen is transformed, in the 
process of decomposition, into an organic form. If 
a longer period of decomposition is allowed, the amount 
of nitrogen necessary for optimum decomposition will 
be less. 

In the decomposition of plant and animal residues, 
the water-soluble carbohydrates, starches, and simple 
nitrogenous compounds are the first to disappear; 
these are followed by the free proteins, pentosans, and 
true cellulose. These complexes are not attacked by 
the microérganisms in steplike processes; the rapidity 
of decomposition of each compound depends on its 
specific chemical nature and upon the nature of the 
microérganisms. The lignins, certain hemicelluloses, 
notably polyuronides, and the resinous substances 
are the most resistant plant constituents; as a result, 
they tend to accumulate in the process of decomposi- 
tion (6). Of these resistant complexes, the lignins 
play the most important réle; however, they do not 
remain in the original form in which they exist in the 
plant material, but their molecules are variously 
modified, both by biological and chemical agencies 
(7). This modification consists in: (@) a gradual 
chemical oxidation, especially under slightly alkaline 
conditions and in the presence of oxygen, () gradual 
darkening in color, (c) increased solubility in dilute 
alkali solutions, and (d) reduction of the methoxyl 
groups. In view of the last modification, the measure- 
ment of the abundance of methoxyl in composts and 
in soils as an index of lignin transformation (8) is not 
always justified; but even such measurements were 
sufficient to establish the accumulation of the lignin 
as a result of the decomposition of stable manures in 
composts and of plant residues in soil. Under certain 
conditions, lignin can undergo active decomposition 
by specific groups of microérganisms, notably by 
various higher fungi, as in the case of certain forest 
soils, as well as in the decomposition of manure com- 
posts by the edible mushroom Agaricus campestris 
and in various tree diseases (9). 

Side by side with the decomposition processes, 
brought about by microérganisms in soils and in 
composts, in water and in sewage, considerable syn- 
thesis of microbial cell substance takes place. The 
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synthesized material consists largely of proteins and 
of certain hemicelluloses. A definite relation was 
found to exist between the processes of decomposition 
and synthesis; this relation is considerably modified 
by the nature of the organisms and by the conditions 
under which decomposition is taking place. It has 
been shown (10) that no matter what protein is added 
to the soil, after a certain period of decomposition, 
it changes into a typical soil protein; this change is 
accompanied by the transformation of the larger part 
of the nitrogen of the protein into ammonia. The 
formation and accumulation of the latter is largely 
prevented when available carbohydrates are also 
added to the soil (11); all the nitrogen is then utilized 
for microbial synthesis, because of the abundance of 
available energy. Through these processes of de- 
composition and synthesis, accompanied by various 
chemical reactions, notably oxidation, plant and 
animal residues are gradually transformed into humus. 

Geologists and chemists have devoted considerable 
attention, especially from the point of view of the 
origin of peat and coal, to the mother substances of 
humus, as if the latter were formed in toto from one 
specific group of plant constituents. Neither lignin, 
nor cellulose, nor hemicelluloses can be considered 
as the sole group of compounds contributing to humus 
formation. Under conditions of active decomposi- 
tion, carbohydrates are more or less completely de- 
stroyed, and are not transformed directly into “humus,” 
if one conceives of the latter only as the dark-colored, 
alkali-soluble fraction of the humus complex; however, 
they contribute indirectly to humus formation, through 
microbial synthesis. Carbohydrates may be, there- 
fore, considered as contributing materially to the 
humus complex. The fact that dark-colored sub- 
stances can be produced from cellulose under high 
pressure and by the action of acids, alkalies, and heat 
has only a limited bearing upon the formation of 
humus under natural conditions. Varying amounts 
of cellulose and hemicelluloses can also be present as 
constituents of the humus complex, especially in the 
case of humus formations that have not undergone 
extensive decomposition. This is true of the raw- 
humus forest soil formations, the humus of heath 
soils, alpine humus formations, and highmoor peats. 
Certain polyuronides may prove to be more resistant 
to rapid decomposition than other carbohydrates and 
may, therefore, also accumulate in the humus (12). 
Some of the polyuronides in the humus are produced 
as a result of microbial synthesis, although in the case 
of certain types of humus, as in marine bottoms and 
in highmoor peat, the plant constituents which are 
high in polyuronides may contribute directly to this 
group of complexes. The extensive synthesis of poly- 
uronides by various bacteria and fungi has been defi- 
nitely established; it is also known that some of 


these compounds are decomposed only by certain 
highly specific groups of organisms. 

Humus formation is thus shown to consist of a group 
of processes which can be briefly summarized as 
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follows: (a) decomposition of the water-soluble 
complexes, of most of the carbohydrates, of certain 
fats, and of proteins; (6) synthesis of new proteins 
and of certain hemicelluloses; (c) accumulation of 
lignins, in a modified condition, whereby they are 
rendered more readily soluble in dilute alkalies and 
become darker in color; they may actually become 
so changed, either by polymerization or by other re- 
actions, as to become distinctly different in nature from 
the original lignin; (d) interaction of the proteins 
with the lignins and their derivatives, to give rise to 
ligno-proteins, whereby the active peptide linkages 
of the protein are bound and made more resistant to 
bacterial attack; (e) the fixation of the ligno-protein 
complex in the soil by bases, notably calcium and 
magnesium, thus giving rise to humus-rich prairie 
soils (tchernozems), or its partial removal by leaching, 
in the absence of sufficient bases, and its subsequent 
deposition in the lower horizons, as in podsol formation. 


CHEMICAL NATURE OF HUMUS 


Humus contains substances derived from the original 
plant and animal residues, either in an unmodified 
or in a chemically modified form, their transformation 
products, as well as substances which have been newly 
synthesized by the numerous fungi, bacteria, and lower 
animals inhabiting the soil or the compost. Humus 
itself is not absolutely resistant to further decompo- 
sition; it is gradually destroyed, under favorable 
conditions, by various specific microérganisms, but 
at a slower rate than the original plant and animal 
residues; as a result of its continuous decomposition, 
at a gradually diminishing rate, humus tends to reach 
a certain chemical equilibrium, and in that state it is 
usually spoken of as “‘completely humified material.” 
This equilibrium is in itself not stable; at this point, 
humus is found to consist primarily of two groups of 
chemical complexes: (a) the more stable group, con- 
sisting of lignins or lignin derivatives and of proteins, 
the first being largely of plant origin (residual) and 
the second largely of microbial origin (synthesized) ; 
(b) the less stable group, consisting of carbohydrates 
(cellulose, hemicelluloses), a small amount of nitroge- 
nous complexes, fatty and waxy substances. 

The more stable group of humus constituents con- 
sists of a varying proportion of lignin and lignin 
derivatives to protein, depending on the nature of the 
original materials, the extent of their decomposition 
and conditions under which decomposition took place. 
This humus fraction is commonly spoken of as “humic 
acid,” ‘pure humus,” “true humus,’ or a-humus; 
in order to avoid confusion between this complex and 
other humus constituents, the designation of it as the 
“‘humus-nucleus” has been suggested (13). The less 
stable group of humus is more variable in composition 
and is less resistant to decomposition, depending also 
on the nature of the original materials and on the 
extent and conditions of their decomposition; certain 
compounds which can be classified with this group, 
such as various polyuronides and resinous substances, 
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may be as resistant to active decomposition by the 
majority of microérganisms as those included in the 
first group. For the sake of convenience, the second 
group of humus constituents may be designated as the 
group of “accompanying substances.” On treatment 
with mineral acids, one can separate these two groups 
of complexes, not on a quantitative basis however; 
the ‘“‘accompanying substances”’ are largely hydrolyzed 
by the acid treatment, while the ‘humus-nucleus”’ 
remains more or less unaffected. 


TABLE 5 
COMPOSITION OF PLANT MATERIALS AND OF PEAT Humus (WAKSMAN AND 
STEVENS) 
(Per cent. on basis of dry material) 
Sphag- 
‘ Cladium, num, High- Sedi- 


Green Lowmoor Young moor Woody mentary 
Nature of Material Plant Peat Plants Peat Peat Peat 
Plant Constituents: 
Ether-soluble sub- 


stances 1.14 1.10 1.47 3.96 3.22 0.67 
Water - soluble sub- 

stances 6.87 1.24 3.86 vas eae 0.70 
Hemicelluloses 21.45 8.95 30.82 16.24 5.44 14.93 
Cellulose 28.31 0 21.13 19.91 2.68 0 
Lignins and lignin 

derivatives 29.09 50.33 6.97 38.26 60.73 23.67 
Crude protein 7.19 18.72 5.88 6.58 14.30 20.69 
Ash 3.89 10.13 3.18 1.50 3.30 25.30 


The chemical composition of humus as compared 
with the plant materials from which it has originated 
is brought out in Tables 5 and 6. In the case of low- 
moor peat, one finds that nearly 70 per cent. of the 
total material is made up of the ligno-protein groups, 
as compared with 36 per cent. in the original plant 
material. In the case of the highmoor peat, however, 
which has not undergone as extensive decomposition 
and in which the organic constituents vary consider- 
ably in nature from the corresponding constituents in 
the grasses, the ligno-proteins make up only 35 per 
cent. of the material, as compared, however, with 13 
per cent. in the fresh sphagnum. The woody peat 
has undergone changes similar to the lowmoor peat 
as shown by the high ligno-protein content (75 per 
cent.); it is important to call attention to the high 
protein content of this peat, as compared with that 
of wood (Table 1). In the case of the forest humus, 
one can see a gradual reduction of the fatty substances, 
water-soluble substances, and carbohydrates, and an 
increase of the ligno-proteins, as one proceeds from the 
fresh plant residues (litter) to the true humus. 

The two major constituents of the “humus-nucleus”’ 
form not one but a series of compounds; these are 
capable of combining with bases to form soluble or 
insoluble ‘‘salts’’ (humates). Due to the high carbon 
content of the lignin (62-64%) and of the protein 
(50-52%), and to the low carbon content of the con- 
stituents found in the group of “accompanying sub- 
stances” (38-44%), the gradual removal of the latter 
with the advance in decomposition of the plant residues 
tends to increase the carbon content of the residual 
humus. Further, due to the fact that the nitrogenous 
substances in the humus are largely present in the 
“humus-nucleus,) the removal of the readily de- 
composable constituents tends to increase even more 
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TABLE 6 


CHEMICAL COMPOSITION OF Humus IN A RAw-Humus Forest Popsor 
(WAKSMAN AND HUTCHINGS) 
(Per cent. of total dry material) 


Horizon Litter F-layer H-layer At Az By B2-C 
pH 4.5 4.2 3.8 4.0 4.0 4.2 4.3 
Loss on ignition, % 96.00 82.04 75.20 18.95 5.80 11.75 9.90 


Organic matter, 

(C X factor) * 96.17 78.19 74.20 18.46 4.33 8.36 5.94 
Total nitrogen 0.84 $1.75 1.56 0.42 0.15 0.26 0.15 
Nitrogen in humus 0.87 2.24 2.10 2.28 3.46 3 
C:N ratio 59.5 24.7 26.6 24.6 16.3 18. 
(Composition of humus, per cent.) 


Ether- and alcohol- 
soluble fractions 8.95 9.02 7.79 5.46 5.54 2.62. 1.98 
Cold- and hot-water- 
soluble fractions 4.06 6.73 3.31 1.88 4. 
Hemicelluloses 18.23 11.94 9.49 8.00 10. 


Cellulose 15.72 8.24 4.75 
Lignins and lignin 

derivatives 38.38 44.24 50.13 Ae Pee er eek 
Protein 5.44 14.00 13.12 14.25 21.50 19.43 15.81 





* The factor used for this calculation was (1.684 + 0.004 kK C/N). 


sharply the nitrogen content of the humus as a whole, 
with the result that its carbon-nitrogen ratio becomes 
narrower and tends to reach a certain equilibrium. 
These facts are largely responsible for the high carbon 
content of the humus in most mineral soils, which was 
found to approach gradually 58 per cent., and also 
for the more or less uniform relationship of carbon to 
nitrogen in mineral soils, which tends to approach 
10 to 1. If the ratio between the carbon and nitrogen 
is much wider than 10:1, it indicates that either a 
considerable amount of carbohydrate is present in the 
humus and is subject to rapid decomposition, or that 
an insufficient amount of protein has as yet been formed, 
or that the process of decomposition is highly specific 
in nature and is brought about by certain character- 
istic organisms as in the destruction of wood by ‘“‘white 
rot” fungi. A ratio of carbon to nitrogen much 
narrower than 10:1 indicates either insufficient lignin 
concentration in the plant residues, which results in 
an excess of protein being formed in the decomposition 
processes, or that considerable destruction of the lignin 
has taken place due to the specific conditions, such 
as arid soils, or to specific organisms, as in the case of 
mushroom fungi. 

The above relationships are,modified by the condi- 
tions of decomposition, especially aération, reaction, 
and presence of bases. In the case of mineral soils, 
these relationships are responsible for the formation 
of: (a) tchernozems, in which the humus is fixed by 
the calcium and magnesium of the mineral part of the 
soil; (6) podsols, in which certain of the organic and 
inorganic constituents of the soil are removed by 
drainage waters and deposited in another horizon; 
(c) arid soils, such as chestnut soils and serozems, 
in which the humus is characterized by a high protein 
content and a narrow carbon-nitrogen ratio (Table 7). 
In the case of forest soils, these relationships are re- 
sponsible for the specific vegetation and the formation 
of: (a) raw humus soils and () mull soils. In the 


case of peats, they lead to the formation of: (a) high- 
moor, (b) lowmoor, and (c) sedimentary peats, each 
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of which is characterized by a specific chemical compo- 
sition. 


TABLE 7 
CHEMICAL NATURE OF HuMus IN DIFFERENT SOIL TyPES (WAKSMAN AND 
HUTCHINGS) 
(Per cent. of dry material) 
Heath Heath 
Podsol, Podsol, Grey 
Ai B Tchernozem Chestnut desert 
Nature of Soil Horizon Horizon Oklahoma Texas Soil Soil 
Total humus (C X 
1.724) 38.70 2.99 1.41 2.29 1.93 0.28 
C:N ratio 41.7 36.3 9.5 10.2 te Ka 6.4 


(Composition of humus, per cent.) 


Kither- and alcohol- 


soluble fractions 7.80 4.07 2.60 2.03 3.14 7.63 
Cold- and hot-water- 

soluble fractions 0.59 0.58 2.76 2.36 2.58 3.50 
Hemicelluloses 14.25 8.12 6.95 6.72 7.15 1.14 
Cellulose 14.81 3.12 8.86 7.16 4.82 3.20 
Lignins and lignin 

derivatives 50.85 63.14 32.59 35.81 39.95 34.76 
Protein 8.71 10.03 38.08 35.50 32.70 650.22 
Total humus ac- 

counted for 97.01 89.06 91.84 89.58 90.34 100.45 


Among the numerous problems connected with the 
study of humus in soils and in peats, its acid nature 
attracted particular attention. It was at first gen- 
erally agreed that the acidity of the soil was due to the 
free ‘‘humic acids’ present in the humus. With the 
development of our knowledge of the chemistry of 
colloids, investigators began to question the existence 
of true organic acids in humus; the acidity of the 
organic compounds was believed (14) to be due to 
the adsorption of bases from neutral salts and the 
liberation of inorganic anions. However, Oden (1) 
demonstrated the presence in humus of compounds 
capable of forming true salts with bases; these com- 
pounds had molecular weights of about 1300 and 
contained three or four replaceable hydrogens. With 
the advance of our knowledge of the chemistry of 
lignin and of the relation of this group of compounds 
to humus formation, attempts were made to derive 
chemical formulas for the humus constituents on the 
basis of the structure of lignin (15). 

In addition to the organic constituents of humus, 
there are also present in the latter a number of inorganic 
elements or compounds, either derived from the original 
plant and animal residues or originating from the 
inorganic portion of the soil; some of these, especially 
certain bases (Ca, Mg, K, Na, NHy, Fe, Al), are 
combined with the organic constituents chemically; 
others, as a certain amount of the phosphorus and 
sulfur, form definite constituents of the organic com- 
plexes; still others, like the silicates, most of the 
phosphates, and certain aluminum and iron compounds, 
are present in the humus in a loose chemical combina- 
tion with the organic constituents; they may also 
form with the latter physico-chemical compounds, 
or they may be present as mere physical or mechanical 
admixtures. In mineral soils, the latter predominate. 


Chemically, humus is thus found to consist of a 
nucleus and of accompanying substances, the first 
being more permanent and more resistant, tending 
to accumulate under certain conditions, while the 
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second is more labile; the abundance of the latter 
depends on the amount of fresh plant and animal 
residues recently added to the soil and on the extent 
of their decomposition, as modified by time and condi- 
tions. The evidence seems to indicate that the 
“‘humus-nucleus”’ does not represent one compound 
but a group of compounds, some of which are more 
readily soluble in chemical reagents and can be more 
readily attacked by. microérganisms, while others are 
attacked with greater difficulty. This can be demon- 
strated by the fact that on treatment of humus with 
gradually increasing concentrations of alkalies, more 
and more of it is brought into solution; however, 
even weak alkalies and acids, especially at higher 
temperatures, can bring about a considerable hy- 
drolysis of the protein constituents. It does not matter 
whether the formation of the complexes between 
lignins and proteins is one of physical or colloidal 
adsorption or one of chemical combination; the 
residual affinities are largely due to the protein. This 
type of complex belongs to the group of symplexes 
as defined by Willstatter (16). 

From the very nature of the humus, as outlined here, 
one is justified in expecting that its chemical composi- 
tion should be expressed in definite chemical terms, 
as represented by the different constituent groups. 
One need not assume the existence of various ‘‘humic,”’ 
“ulmic,’’ ‘‘crenic,”’ “‘torfic,’”’ and other hypothetical 
acids, in order to separate soil humus into several 
groups of chemical constituents. Due to the presence 
in the humus of a large number of organic compounds 
in very low concentrations, it is sufficient to distin- 
guish only the more abundant groups of compounds. 
Just as in the analysis of plant substance or animal 
substance, the analyst is not concerned with the 
presence of certain substances in fractions of a per 
cent., but with the major groups, namely the carbo- 
hydrates, fats, and proteins, so in the analysis of humus 
material, the analyst need be concerned only with the 
presence and concentration of certain relatively large 
groups of compounds. In a system of proximate 
analysis, the humus constituents can be readily sepa- 
rated as follows: (1) carbohydrates (cellulose and 
hemicelluloses), (2) lignins and their derivatives, (3) 
proteins, (4) fats and waxes, (5) water-soluble sub- 
stances. The determination of these is sufficient to 
establish the chemical composition of the humus 
complex in various humus types. 

Humus can, therefore, be looked upon as an organic 
system rather than as a chemical compound. Its 
abundance in nature, its importance in making the 
soil a favorable medium for plant growth, its function 
as a source of nutrients for higher plants and as a 
source of energy for soil microdrganisms, justify fully 
that greater consideration be given to the problem of 
its chemical nature than has hitherto been done. 

Among the numerous problems connected with the 
study of humus, the methods for its quantitative 
determination occupy a prominent place. Because 
of the varying conceptions concerning the chemical 
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nature of humus as a whole, the methods of its de- 
termination have also undergone numerous changes. 
These fall into two major groups. (1) Some of the 
methods were developed for the purpose of deter- 
mining the specific complex in the humus which gives 
to it its characteristic black color. (2) The other 
group of methods has dealt primarily with the deter- 
mination of the total humus content of the soil. 
Among the first group of methods, one need only 
mention: (a) the colorimetric determination of the 
alkali extract of humus, (b) the evaporation of the am- 
moniacal extract of humus (matiére noire), (c) the pre- 
cipitation of the alkali extract with an acid, (d) 
the oxidation of the alkali extract with an oxidizing 
agent, (e) the oxidation of the total humus with a 
dilute oxidizing agent (6% H2Ose), (f) the treatment 
of the humus with acetyl bromide. The second group 
comprises methods ranging from the loss on ignition 
to the calculation of the humus content on the basis 
of the organic carbon, using a known factor (1.724). 
Most of these methods, especially those based upon 
the determina ion of a fraction of the humus, are 
open to considerable criticism. By far the most 
reliable is the last one based upon the fact that the 
carbon content of the humus approaches 58 per cent. 
In the case of peats or the surface layer of forest soils, 
the loss on ignition is quite sufficient. 


HUMUS AND PLANT NUTRITION 


Humus in mineral soils is not absolutely resistant 
to decomposition, but under certain conditions, es- 
pecially with proper aération (cultivation), favorable 
reaction (liming), temperature (summer), and mois- 
ture, it can be gradually decomposed. As a result 
of this, the elements carbon, nitrogen, phosphorus, 
sulfur, and others, so highly essential for plant nutri- 
tion, are again liberated in forms available to the grow- 
ing plant. Humus influences plant growth in various 
other ways, which are still imperfectly understood; 
this is largely due to the presence or possible formation 
in humus of certain specific substances which are 
toxic or stimulating to plant growth. 
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The action of humus upon the soil can, therefore, 
be considered as physical, chemical, and biological. 
Physically, humus modifies the color of the soil, it 
improves its texture, rendering it less impervious to 
water, it imparts to it a higher water-holding capacity, 
and a greater capacity for absorption of heat, salts, 
and gases; humus also acts as a binder for the loose 


inorganic particles. Humus is present in the soil 
largely as a hydrophilic colloid, with water as the dis- 
persing medium, which is itself adsorbed. It forms 
various compounds with different inorganic soil con- 
stituents, the combination with bases in the base- 
exchange complex being of special interest; it increases 
the buffering properties of the soil against rapid 
changes in reaction; it also modifies the chemical 
composition of the soil solution. Finally, humus 
offers a favorable medium and substrate for the growth 
of the numerous soil microérganisms as well as for 
the root systems of higher plants. 

As to the specific effects of humus upon plant growth, 
it is sufficient to call attention to the recent ideas 
concerning the formation in soils and in composts of 
plant-stimulating substances and to the emphasis 
laid upon the relation of these to plant hormones and 
to animal vitamins. It is claimed (17) that these 
substances (‘‘auximones,”’ ‘‘phytamins’) are synthe- 
sized by microérganisms and are absorbed by the plant, 
giving rise to hormones and vitamins. It was suggested 
that the beneficial effect of composts of stable manures 
and plant residues upon plant growth is due to this 
relationship. 

Humus can be looked upon, in its relation to higher 
plants, as a storehouse of nutrients, which nature 
keeps in reserve for plant life. The key to this store- 
house is found in the activities of the numerous micro- 
organisms which inhabit the soil and which act upon 
the humus in hundreds of different ways. Without 


. the formation of humus, the soil would never be what 


it is and plant life on this planet, and probably animal 
life as well, would have had an aspect totally different 
from that which it has today. 
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HE OUTSTANDING and numerous contributions 
Te Edgar Fahs Smith to chemistry and to learning 
in general cover a number of distinct fields of en- 
deavor, each one of which would have completely occu- 
pied the time of a less gifted scientist than Dr. Smith. 
His publications alone number at least two hundred: 
organic syntheses, electrochemistry, atomic-weight de- 
terminations, history of chemistry, mineralogy, biog- 
raphy, urinalysis, pedagogics, etc. But, as Professor 
Bogert pointed out at the Memorial Service for Dr. 
Smith seven years ago, the “‘most important contribu- 
tions of Dr. Smith were those he made to electrochem- 
istry, a domain in which he was a pioneer and soon be- 
came a recognized leader of international reputation. 
In the hands of this master craftsman, the electric cur- 
rent became a tool of undreamed-of usefulness and pos- 
sibilities, opening up wholly new methods of analysis, 
separation, and determination. About half of all the 
research papers he published were based upon new ap- 
plications of the electric current. His introduction of 
the rotating anode, together with the employment of 
currents of high amperage and high voltage, marked a 
new epoch in the development of electroanalysis. His 
books on electrochemistry quickly became and have 
since remained the standard texts in this country, while 
the Harrison Laboratory was soon known throughout 
the world for its leadership in this branch of chemistry.” 
Out of a hundred sixty-nine papers published in vari- 
ous scientific journals every second one deals with an 
electrochemical topic. 

Dr. Smith’s first papers on electroanalysis appeared 
in 1879 in the Proceedings of the American Philosophical 
Society and in the American Chemical Journal. Other 
papers on the same topic followed at frequent intervals 
from that time on, but it was not until 1901 that a 
radical change in Dr. Smith’s method of electroanalysis 
was introduced. In that year while experimenting on 
the separation of tungsten from molybdenum Dr. 
Smith came upon the idea of rotating the anode. He 
discovered that “‘by causing the anode to rotate at a 
high speed, greater current intensity and higher voltage 
might be applied with an attending, more rapid precipi- 
tation of the respective metals.’’! 

Then followed the detailed experiments of F. F. Exner, 


* Memorial address commemorating the 81st birthday of 
Edgar Fahs Smith, delivered at Houston Hall, University of 
Pennsylvania, Philadelphia, Pa., May 23, 1935. 

t Head, Division of Electrochemistry. 

1 SmitH, ‘“‘Electroanalysis,’’ P. Blakiston’s Son & Co., Inc., 
Philadelphia, 6th ed., 1918, p. 41. 
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a student working under Dr. Smith’s direction. Exner’s 
Ph.D. thesis was published in June, 1903, and the re- 
sults recorded ‘‘were of such remarkable character that 
many chemists considered the field of electroanalysis to 
have been truly revolutionized by them.’’? 

Although agitation of the electrolyte by some means 
or other had been suggested by others besides Dr. 
Smith, it was he who first suggested the combination of a 
rotating anode and high cathode current densities. De- 
terminations which had, previous to 1901, with station- 
ary electrodes and low current densities, taken two to 
four hours and more, were now through the findings of 
Smith and Exner reduced to 5to 10 minutes. Further- 
more, the quantities that could be accurately deter- 
mined were more than threefold the quantities by the 
older methods. 

If we glance through the numerous records of Dr. 
Smith and his students, we find that copper determina- 
tions were now made in 4 minutes; complete precipita- 
tion of cadmium in 10 minutes; bismuth, lead, silver, 
zinc, nickel, cobalt, manganese, iron, chromium, ura- 
nium, thallium, indium, platinum, palladium, rhodium, 
molybdenum, gold, tin, antimony, tellurium, arsenic— 
almost the entire periodic table of elements all precipi- 
tated, either as element or as specific compound, in small 
fractions of an hour instead of several hours. But this 
is not all—separations of one metal from another could 
be carried out more readily and more exactly with the 


- use of the rotating anode—indeed, Dr. Smith effected a 


number of separations that had not even been attempted 
previously. 

In the summer of 1903 Dr. Smith sent the writer 
(then pursuing graduate work at the University of 
Leipzig) a copy of the thesis of F. F. Exner. It was a 
keen pleasure to repeat a number of the specified tests 
of Smith and Exner. And it was this work that inspired 
us to further investigate the basic phenomena involved 
and started us on our work on chromium, cobalt, tung- 
sten, and other metals. Many changes have been made 
in the apparatus employed by us during these many 
years. Furthermore, the interpretation of results is 
quite different today from what it was thirty-odd years 
ago. Our thoughts were originally directed to concen- 
tration-polarization phenomena, whereas today we be- 
lieve that a film of atomic hydrogen and the proper con- 
trol of the alkalinity of the liquid cathode surface film 
are of paramount importance. 

As regards our apparatus, we directed our attention 
from the very start to a rotating cathode rather than a 





2 SmiTH, loc. cit., p. 41. 
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rotating anode, as recommended by Dr. Smith. We are 
operating our cathode today at speeds up to 15,000 
R.P.M. as against 400-1000 r.p.M. for the anode used by 


Dr. Smith and his students. With these high-speed 
cathodes there seems to be almost no upper limit in 
cathode current density. We frequently use 250 to 300 
amperes per square foot, far in excess of the current den- 
sities recommended by Dr. Smith. 

Before discussing our present conception of the elec- 
trodeposition of a metal, a few of the more interesting 
experimental results will first be recorded. In all of 
these investigations I have been very ably assisted by a 
host of young students and associates, in particular, 
Messrs. D. B. Lake, F. A. Rohrman, R. R. Rogers, 
C. B. F. Young, and C. B. de Maya. 


COPPER DEPOSITION WITH THE HIGH-SPEED CATHODE 


(a) Separation of Copper Traces from Nickel Solu- 
tions.—A solution of copper-free nickel sulfate was pre- 
pared and to this was added one part of copper for every 
30,000 parts of nickel. The solution had a pH of 5 and 
was electrolyzed at 25°C. at a current density of 0.3 
amperes per square decimeter. A deposit of pure cop- 
per was obtained at a current efficiency of 23.5%. The 
cathode speed was 3000 R.P.M. 

It is interesting to note that at the low current den- 
sity recorded above copper alone, and no nickel, will 
plate out of solution when the cathode exceeds a certain 
speed of rotation. Increasing the current density in- 
creases the speed limit. There is a critical polarization 
value that must be exceeded before any nickel will plate 
out. Furthermore, even with the high-speed cathode, 
there is a fairly narrow pH range beyond which no cop- 
per will deposit. This point will be more fully discussed 
below. ; 

(b) Recovery of Copper from Tails Waters.—Tails 
waters from copper leaching and electrodeposition 
plants contain appreciable quantities of copper (as 
much as 0.1 gram per liter). Taking into account the 
millions of liters that run to waste, the copper that is 
lost amounts to many hundred tons a year. Due to the 
fact that these tails waters contain, besides copper, a 
large number of other salts, notably iron, and this in the 
ferric state, it is impossible to electrodeposit the copper 
on a stationary cathode. In fact, we have had cases 
where the stationary cathode actually went into solu- 
tion due to the solvent action of the ferric ions. How- 
ever, upon applying the high-speed cathode, recoveries 
of copper up to 86% were obtained at current efficien- 
cies as high as 70%. To cite a definite case, the tails 
water contained 0.07 g./l. of copper, 0.13 g./l. of iron, 
besides small quantities of Si, Al, Ca, Mg, K, and Na. 
The current density was 15 amperes per square deci- 
meter, temperature 30°C., cathode diameter 5 cm., and 
cathode speed 1500 r.p.m. Current efficiency 68%; 
recovery 85%. In other experiments cathode disks 3 ft. 
in diameter were used. Recovery of copper from tails 
waters can be accomplished if a satisfactory balance is 
struck between cost of rotating the cathode and the 
price of copper. ‘‘Raw material’ costs are nil. 
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DUCTILE ELECTROLYTIC IRON 


Noteworthy are the results obtained with iron. Using 
the chloride bath, bright, ductile deposits of iron were 
obtained on the rotating disk cathode at current densi- 
ties of 15 amperes per square decimeter. With low cur- 
rent densities of the order of 0.3 ampere per square deci- 
meter, no iron is deposited when appreciable quantities 
of ferric ions are present. As the current density is in- 
creased, a point is reached where the ferric ions no 
longer stop the deposition entirely and at higher cur- 
rent densities current efficiencies of 80% and over are 
obtainable. 

Iron present in nickel sulfate plating baths can be re- 
moved by the high-speed cathode. This is so contrary 
to common, older, theoretical considerations that it is 
hard to believe. First of all, nickel is the more noble 
metal, and, secondly, the concentration of nickel may be 
over a hundred fold that of iron. But on the basis of our 
modern conception of the high pH film at the cathode 
surface, as discussed below, results appear all too 
plausible. 


‘“GOLD FROM SEA WATER” 


This is another case in which the high velocity of the 
cathode plays a most important part. The higher the 
velocity the better the recovery from gold solutions 
containing as little as one part per million (or 1 milli- 
gram per liter).* In a typical experiment a 5-cm. 
diameter nickel disk cathode was used, spinning at the 
rate of 8500 R.P.M. Three liters of a 3% salt solution 
contained 3 mg. of gold. The temperature of the solu- 
tion was 20°C.; pH, 6.00. Current density 2 amperes 
per square decimeter; voltage 8.5. Over 90% of the 
gold was plated out at the end of half an hour. It will be 
appreciated that the gold concentration toward the end 
of this period was decidedly less than 1 part per million. 
But hopes of ‘recovering billions from the five seas” 
must be dispelled for the present, since the cost of operat- 
ing the cathode is about five times the value of the gold 
recovered. More profitable is this same procedure in 
the case of the radioactive metals. 


RECOVERY OF POLONIUM 


Messrs. Whitaker, Bjorksted, and Mitchell,* employ- 
ing our high-speed cathode method, recovered polonium 
from aqua regia solutions of radium D containing re- 
duced iron and mercury. A silver disk 22 mm. in di- 
ameter was used and rotated at 1400 R.p.m. Ninety- 
eight per cent. of the polonium was deposited in about 
90 minutes, the solutions containing only 0.0005 curiet 
of radium D in equilibrium with its products. , 

Acid (HCl) concentrations varied between 1/20N 
and 4N without any noticeable difference in results. 





* Compare with this the arsenic content of the gastric juices of 
the average normal person, 3 parts per million, or copper in milk, 
0.6 part per million. 

3 WHITAKER, BJORKSTED, AND MITCHELL, Phys. Rev., 46, 629 
(1934). 

T One curie is equal to 0.59 cubic millimeter of emanation. 
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The usual method of obtaining a polonium source 
from old radium emanation tubes has been described by 
I. Curie in 1925 and consists of a series of chemical op- 
erations, the polonium salts being separated from the 
rest of the solution by a series of precipitations. In the 
presence of ferric iron and mercuric ions there is no depo- 
sition of polonium with stationary electrodes, but 
with the rotating disk 38% of the polonium was re- 
covered in spite of the “‘ic’ ions. Upon reducing the 
ferric and mercuric ions with sulfurous acid, 98% of the 
polonium was recovered. 


THE EFFECT OF CATHODE SPEED ON THE DEPOSITION OF 
ALLOYS 


In general we find that in the deposition of binary 
alloys the composition of the alloy may be easily varied 
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at will by merely changing the speed of the rotating 
cathode and regulating the current density. Thus, in 
the case of co-depositing cobalt and nickel, the higher 
the speed, the higher the proportion of cobalt in the de- 
posit. Keeping the speed constant at, say, 1000 R.P.M. 
and decreasing the current density, the percentage of 
cobalt in the alloy increases. As a specific example we 
obtained 27.2% cobalt in the alloy at a current density 
of 2 amperes per square decimeter and 43.4% cobalt at 
0.22 ampere per square decimeter. The solution was a 
normal nickel sulfate solution containing one part of 
cobalt for every 100 parts of nickel. The pH was 5.5, 
temperature 20°C. 

Another alloy case is that of zinc-cadmium. Using a 
solution containing 70 g./l. of zinc, 2.5 g./l. of cadmium, 
and 109 g./l. of total sulfate, we found that as the speed 
of the cathode increased from zero up to 13,000 R.P.M., 
the percentage of zinc in the alloy deposit decreased. 
Furthermore, decreasing the current density decreased 
the zinc content of the alloy. And increasing the tem- 
perature of the solution decreased the zinc content. 
This all fits in beautifully with our present theoretical 
interpretation. 


WHAT THE HIGH-SPEED CATHODE ACCOMPLISHES 


It is generally accepted by electrochemists today that 
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there exists in intimate contact with the submerged sur- 
face of either electrode a film of electrolyte quite differ- 
ent in composition from that of the main body of the 
bath. Immediately upon electrolysis, the alkalinity of 
the cathode film increases very appreciably above that 
of the solution proper and at the same time the alka- 
linity of the anode film decreases appreciably below that 
of the bath. This can be illustrated—at least as far as 
the cathode film, in which we are primarily interested, 
is concerned—by electrolyzing a solution of acid sodium 
sulfate containing a little phenolphathlein. Upon clos- 
ing the circuit the solution layer in contact with the 
platinum cathode turns red, although the main body of 
the bath remains colorless. 

This film at the cathode can be regulated as to its 
thickness, and as to its pH, by various chemical means, 
but none of these is as simple and as direct—in particu- 
lar, for orientation purposes when investigating the elec- 
trodeposition of a new metal—as the procedure of 
changing the speed of the rotating cathode and then its 
current density. In this way desired results have been 
obtained in short order as compared with long, tedious, 
“hit-and-miss” methods of the past. And credit for this 
discovery we unhesitatingly give to Dr. Edgar Fahs 
Smith. The observations made by him in the years 
1901 to 1903 are at the very foundation of all that fol- 
lowed and led up to a clearer interpretation of the steps 
in metal deposition. How the thickness and the pH of 
the cathode film can be varied is shown in the accom- 
panying six figures. 

Figure 1 illustrates the general relation between pH 
and distance from the cathode face when stationary 
electrodes are used. 

Figure 2 shows how the pH of the cathode film in- 
creases as the cathode current density is increased. 


Cathode Film pH. 


kf fect of Cathode C.Z 
”""Cathed 2% lon ph 








Cathode Current Density. 
FIGURE 2 


Figure 3 illustrates the decided increase in the anode 
film pH and a partial lowering of the cathode film pH 
upon rotating the anode. 

Figure 4 illustrates the sharp drop in pH of cathode 
film upon rotating the cathode. The anode film pH is 
also affected but not as markedly. 

Figure 5 further demonstrates how this lowering of 
the cathode film pH shown in Figure 4 can be regulated 
by the velocity of the cathode. 
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Figure 6 represents the effect on the cathode film upon 
increasing the temperature (or decreasing the viscosity) 
of the electrolyte. 

On the basis of numerous experimental results we find 
that: (1) A cathode film is essential for successful metal 
deposition, but that— 

(2) This film must be held within fairly definite limits 
as to: 

(a) thickness and 
(b) hydrogen ion concentration. 

(8) The film can be maintained within these limits 
most easily by the rotating-cathode method, a definite 
cathode speed and cathode current density correspond- 
ing to the desired film thickness and film pH. 


‘ 
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(4) The range of film thickness and its pH are differ- 
ent but specific for each metal. 

It has been shown repeatedly that the higher the 
cathode speed, the thinner the film, without, however, 
reaching zero thickness. Furthermore, the higher the 
cathode speed, the higher the limiting cathode current 
density for compact, adherent metal plate. And, 
finally, the higher the cathode current density, the 
higher the pH of the film. 

A number of cases were observed in which no metal 
plate was obtained with a stationary cathode and yet 
from the very same solutions, and under otherwise iden- 
tical conditions, beautiful, reguline metal deposits were 
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produced upon rotating the cathode. In the presence 
of ferric salts there may be an actual loss in cathode 
weight when the speed is zero, and a decided gain in 
weight when the speed is 1000 R.P.M. or more. 

The film thickness is not the same for all metals. The 
more noble metals usually require a thinner film than 
the baser metals. The pH range for best metallic de- 
posits is characteristic, though different, for each metal. 
Thus, zinc and tin have fairly wide film pH ranges, 
nickel, cobalt, and manganese relatively narrow ranges. 
Thus, if zinc and nickel are present in solution in equi- 
molecular proportion, and the current density is in- 
creased to a point to bring about a cathode film pH be- 
yond the range for nickel, zinc alone will deposit out 
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even though nickel is the more noble metal. On the 
other hand, as recorded above, a trace of copper may be 
separated from nickel, provided the film pH is held 
within relatively narrow limits and the cathode speed 
exceeds a definite value. Copper will plate.out at a 
higher film pH than iron and thus it is possible to re- 
cover copper from solutions high in iron when using the 
high-speed cathode. Iron, on the other hand, will de- 
posit out to the exclusion of nickel, even though the 
latter may be in great preponderance, if the cathode 
film pH is above the nickel limit. 

In the case when both cadmium and zinc are present 

4 Cf. NEWBERRY, J. Am. Chem. Soc., 51, 1429 (1929). 
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the more alkaline the film the less cadmium is deposited. 
Thus, by increasing the current density, or decreasing 
the temperature, or decreasing the cathode speed, the 
less cadmium was found in the alloy deposited on the 
cathode—and vice versa. 

Gold will not deposit from sea water upon a stationary 
cathode because of the excessively high pH of the cath- 
ode film and its relatively great thickness. Upon rotating 
the cathode, both film thickness and film pH are very 
much reduced and bright, solid, pure gold appears on the 
cathode. 

From all available data it is apparent that with the 
high-speed cathode and/or high current densities ap- 
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plied, the sequence of electrodeposition of metals is not 
necessarily in the order of their ‘‘classic nobility” but 
may at will be changed about to suit the requirements 
under consideration. Thus the following order applies 
within well-defined limits of cathode speed, cathode 
film pH, and current density: zinc, copper, iron, nickel. 
That is, first zinc, then copper, then iron, then nickel can 
be plated out. 

In conclusion we strongly recommend the high-speed 
cathode to all interested in the electrodeposition of 
those metals and alloys which have not to date been pro- 
duced from aqueous solutions in solid, adherent, com- 
pact, and metallic form. 





The CONTRIBUTION of 
LABORATORY WORK {¢o 
GENERAL EDUCATION’ 


H. I. SCHLESINGER 


The University of Chicago, Chicago, Illinois 


URING the past few years, laboratory work for 
D students beginning the study of chemistry and 
other sciences has been under fire. The attack 
has come from several sides. School, college, and uni- 
versity administrators, faced with growing enrolment 
in science courses and with greatly decreased budgets, 
have been forced to find some way of reducing the per 
capita cost of education. Since laboratory work is ex- 
pensive, its elimination from the programs of many 
students seems a simple way to effect economies. This 
motive is undoubtedly responsible for many of the sug- 
gestions that individual laboratory exercises be re- 
placed by such methods as lecture demonstrations. 
But economy is by no means the only motive, for the 
change is seldom recommended as a regrettable but 
necessary weakening of the curriculum; most support- 
ers of the proposal maintain that nothing will be lost 
by the change and many actually claim for it distinct 
educational advantages. 

These arguments are based to some extent on a wide- 
spread dissatisfaction with the results of laboratory 
instruction on the part of teachers. Students, on the 
other hand, usually look forward to laboratory work 
with enthusiasm. In the General Course for the Physi- 
cal Sciences at The University of Chicago, they often 
complain that there is no opportunity for individual 
experiments besides the little provided, as a substitute, 
by the self-operative demonstrations in the physics 
museum. All too frequently, however, their enthu- 
siasm wanes when laboratory work is actually encoun- 





* Contribution to the symposium on Lecture Demonstration 
Method vs. Individual Laboratory Work conducted by the Divi- 
sion of Chemical Education at the eighty-ninth meeting of the 
American Chemical Society, New York City, April 25, 1935. 


tered. In many instances students, who, by their 
thoughtfully and independently written notebooks, 
have shown real interest in chemistry develop the habit 
of doing their experiments mechanically to get the re- 
sult expected, rather than to observe what is actually 
going on in their test-tubes. When students neverthe- 
less vote, as they recently did in my general chemistry 
classes, for a lengthening of the laboratory period, their 
action shows an intuitive belief that there should be in 
laboratory work something which under present condi- 
tions they do not get. 

And, finally, the laboratory has had to meet another 
major offensive. There is a marked trend toward making 
the last two years of high school, together with the first 
two years of college, a period of ‘‘general education.” 
Many of the supporters of this movement believe that 
laboratory work is essentially technical. They would, 
therefore, eliminate it from the earlier years of a stu- 
dent’s training unless he is planning to enter science as 
a profession or has, at least, demonstrated special apti- 
tude. Their argument involves two assumptions— 
first, that chemistry courses intended to contribute to 
general education necessarily differ in objective from 
those planned for the prospective professional student 
and, second, that laboratory work has value only as a 
part of technical training. Both of these assumptions 
demand careful inquiry. 

All of these problems—that of reducing costs, that of 
dissatisfaction with the results achieved in the labora- 
tory work, that of the place of the laboratory in a pro- 
gram of general education—I have had to face. In 
order to clarify my own position in the matter, I de- 
cided some time ago to examine the objectives which 
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have guided the planning of laboratory courses in gen- 
eral chemistry. Although my study of this question 
has not been exhaustive, I believe that I have gone far 
enough to justify the selection of the following as the 
aims of most teachers of high-school and general college 
chemistry: 

(1) To illustrate and clarify principles discussed in 
the classroom, by providing actual contact with 
materials. 

(2) To give the student a feeling of the reality of 
science by an encounter with phenomena which 
otherwise might be to him no more than words. 

(3) To make the facts of science easy enough to 
learn and impressive enough to remember. 

(4) To give the student some insight into basic sci- 
entific laboratory methods, to let him use his 
hands, and to train him in their use. 

In the replies to a questionnaire on individual labora- 
tory work versus lecture demonstrations recently sent 
out from Syracuse University, there is striking evidence 
that the aims stated really are the motivating objec- 
tives in the minds of most teachers of chemistry. Of 
those who favored the laboratory, by far the largest 
number said that they did so because laboratory ex- 
perience fixes facts and principles in the minds of stu- 
dents, increases their interest and enthusiasm, and helps 
them to obtain a more rapid understanding. Further 
evidence that these are the major aims of most labora- 
tory courses is found in the number of experiments 
which the beginning student is usually expected to per- 
form—a number so large that it can be understood 
only on the assumption that the teacher uses the labo- 
ratory work primarily to illustrate a large part of the 
subject matter discussed in the classroom. The 
common demand that the laboratory manual must 
follow the order of presentation in the textbook and 
must contain many questions intended to review and 
clarify topics discussed in lecture or recitation, indi- 
cates that the chief purpose of laboratory exercises is to 
support classroom work by illustration and example, 
rather than to attain an independent objective. 

I have dwelt so long on these purposes because I 
have become convinced that making them the chief 
aims of our laboratory teaching is the main cause of our 
problems. Fixing the content of the course in the 
student’s mind, emphasizing the reality of science and 
the power of the scientific method, illustrating principles 
and giving actual contact with phenomena, are im- 
portant aims which no laboratory course can afford to 
neglect. But many teachers question whether these 
aims cannot be achieved just as effectively by lecture or 
small group demonstrations—or, if not just as effec- 
tively, at least well enough for students who are not 
preparing for scientific careers. To settle this question 
many teachers and psychologists are now attempting to 
measure the relative effectiveness of the two methods. 
But, so far as I can judge, all of these studies have more 
or less implicitly assumed the validity of the, objectives 
already discussed. If these, important though they 
be, are nevertheless not the fundamental aims, such 
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studies cannot lead to valuable conclusions, and the 
doubts of many teachers must be resolved by a re- 
examination of the function of individual laboratory 
work. 

In undertaking this inquiry, it is best to consider 
first the function of laboratory work as a part of general 
education, and for the moment to leave the student 


specializing in science out of consideration. In think- 
ing about the latter, it is easy to lose sight of the real 
duties toward students in the early years of their 
science training, because the consideration of prereq- 
uisites for later courses and the desire to develop 
specific laboratory technic tend to cloud the more im- 
portant issue. Limiting in this way the first steps of 
the inquiry will not result in neglecting the needs of the 
science major, for it will be found that the fundamental 
objectives of high-school and first-year college courses 
are the same, irrespective of the student’s purpose in 
taking them. It will, however, be well to interrupt the 
discussion in order to consider what is meant by the 
term ‘‘general education.” 

General education is defined in many ways. It is 
usually assumed to include a certain minimum of fac- 
tual information about the world in which we live, at 
least an acquaintance with the great principles of the 
natural and social sciences, and an appreciation of 
trends in philosophy and in art. Though there may be 
differences concerning the relative importance or even 
the inclusion of some of these items, everyone agrees 
that one of the main purposes of general education is 
to train students in clear thinking. Admitting the im- 
portance of this objective, I believe that there are two 
others of equal significance. 

In the first place, most of the problems which confront 
mankind are not such that they can be solved by logic 
alone. Almost always, ratiocination must be preceded 
by accurate observation and a wise choice of premises. 
The uncertainties always inherent in these processes 
make it necessary to check the conclusions by further 
observational tests. Trite as these statements may 
seem, they are nevertheless of the utmost significance 
to the present inquiry. Every teacher of elementary 
science knows that the average human being must 
learn how to see correctly and observe objectively. 
The student’s powers of observation should no more be 
expected to develop spontaneously through unguided 
experience than his knowledge of facts and his ability 
to think should be allowed to grow by haphazard read- 
ing and chance encounters with thought-provoking 
problems. Teaching students how and what to see is 
just as much a part of a well-rounded curriculum as is 
teaching them how to think. 

Secondly, though observing and thinking may satisfy 
the academic temperament, most university students 
do not desire to become either scientists or humanists. 
Theirs is not to be the contemplative life; they look 
forward to careers crowded with activity. Education, 
intended as a preparation for life, has left the guidance 
of this strong impulse almost entirely to opportunities 
which the student makes for himself in connection with 
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the much-scorned student activities. Any scheme of 
education is seriously defective if it does not include 
planned training in the art of translating observation 
and thought into well-considered action. Yet no part 
of the duty of educators has been so much neglected. 

In this synthesis of observation, reflection, and action 
into a pattern of behavior, the laboratory work in the 
physical sciences is one of the most powerful tools. I 
say the physical sciences because, although nature 
studies and experiments with living beings are ex- 
tremely valuable for training in keen observation, they 
deal with phenomena so complex that analysis is too 
much for the beginner. The subject matter of the 
physical sciences, properly selected, gives ample scope 
for development of the powers of observation; at the 
same time it can be made simple enough to allow even 
the novice to draw definite and valid conclusions. 
Moreover, properly designed laboratory exercises fre- 
quently demand of the student that he check his con- 
clusions by further experiments, not planned or laid 
out for him, but devised by himself. Thus the labora- 
tory work can be made to provide training in observa- 
tion, in thought, and in considered action. As the stu- 
dent learns to check conclusions by tests of his own 
choice and finds that he more often and more quickly 
analyzes situations correctly and devises effective ex- 
periments, he gains confidence in himself as a reasoning 
being. 

The objectives here presented are not thought of 
as something fundamentally new. They must have 
guided the pioneers of our sciences when they were 
training small groups of ardent young men in the fa- 
mous old European laboratories. But as the number 
of students with widely diversified interests grew, as it 
thus became more and more difficult to elicit response 
to opportunities for individual initiative, as the content 
of the sciences began to enlarge with astounding ra- 
pidity, teachers turned more and more to the illustra- 
tion of phenomena and to the fixing of facts and prin- 
ciples. The larger purposes were lost to sight. 

There may be those who will maintain that this pic- 
ture is not a true one—that instructors still fully realize 
the importance of these objectives, but consider them 
too self-evident to warrant further discussion. If this 
were actually the case, I am sure no one would suggest, 
except on the ground of dire economic necessity, that 
the privilege of taking laboratory work should be limited 
to especially gifted students or to those intending to 
specialize in science. Every student promising enough 
to deserve admission to the last two years of high 
school and the first two years of college, deserves every 
possible aid in learning to see, to think, and to act. If 
these were now the main purposes of laboratory teach- 
ing, no one would maintain that there should be a fun- 
damental difference between the laboratory work for a 
general student and that for a future specialist in sci- 
ence, because the latter, just as much as the former, 
must learn to observe, to reflect, and to plan a well- 
considered course of investigation before it is worth 
while to train him in the technic of his specialty. A 
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course with these fundamental objectives would, fur- 
thermore, serve to select from a group of students those 
qualified for science, far better than does one devoted 
to illustration of phenomena and fixing of facts, be- 
cause aptitude in critical observation and ability to de- 
vise adequate experiments are more important for the 
future scientist than ability to remember facts and 
principles. And I am certain that if the functions I 
have emphasized were really the chief aims, it would 
never be supposed that lecture demonstrations can be 
anything but a poor substitute for individual labora- 
tory exercises. Watching demonstrations gives a 
student little opportunity to observe anything but that 
which is pointed out to him, and none to carry into 
practice any procedure suggested by his own thinking. 

Having thus rediscovered the fundamental purposes 
which should guide the planning of laboratory courses, 
let us next turn to means for recapturing the spirit 
which should dominate a class working toward such 
objectives. The first step must be to examine the 
present laboratory exercises in order to determine 
whether each one definitely benefits the student. If 
some or even many of them have been included merely 
in order to illustrate subject matter, or merely to give 
opportunity to ask leading questions; if they could be 
replaced just as effectively by lecture demonstrations, 
let them be ruthlessly cast out. This does not mean 
that all illustrations of phenomena and principles or all 
effort to clarify difficult points should be omitted. 
There are preparations which undoubtedly have value 
in themselves, e. g., because of their historical interest. 
But there are other examples, also. Students usually 
see only solutions of salts of complex ions. If several 
groups of students each prepare one such salt in solid 
form and prove to themselves the difference between 
such compounds and double salts, the result is probably 
more valuable than the demonstration of a single sub- 
stance could be. Likewise there are certain phenomena 
which (as long experience shows) are not fully under- 
stood in spite of the most detailed discussion or of re- 
peated demonstration. Such, for instance, is the de- 
gree of hydrolysis of salts; a correct impression can be 
gained only if groups of students roughly determine, 
with suitably chosen indicators, this value for a con- 
siderable series of substances. But it must always be 
borne in mind that mere illustration of some point or 
giving the opportunity to ask a searching question is 
not in itself sufficient justification for inclusion of an 
experiment in an elementary course. 

Next, there should be provided exercises the results 
of which the student cannot readily predetermine by 
reference to textbook or lecture, because by such ex- 
periments, his powers of observation are best stimu- 
lated and developed. Again it should be obvious that 
not all experiments can be ventures into the unknown. 
The student cannot become an investigator at once. 
He must begin with experiments demanding little more 
than careful following of directions in order that he 
may acquire that minimum of technic without which 
nothing can be accomplished in the laboratory, and 
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that he may learn to record independently and accu- 
rately what he has done andseen. But even this intro- 
ductory part of the work can often be modified to its 
advantage by keeping the objectives clearly in mind. 
If, to acquaint the student with the appearance of a 
gelatinous precipitate, he is told to add ammonium 
hydroxide to an aluminum salt and to describe the re- 
sult, he is much too likely to take his description from 
a textbook, or at least to corroborate his own observa- 
tion by reference to his neighbor’s. Would it not be 
better to have him test a series of unknown solutions 
with reagents which would yield various types of de- 
posits or various shades of color? In other words, 
would more not be accomplished in some experiments if 
attention were concentrated on methods of observa- 
tion and all other considerations frankly neglected? 

Once more it must be borne in mind that such ex- 
periments are merely introductory or supplementary 
to those which will most effectively accomplish the 
major purpose—training in independent and critical 
observation, in the drawing of valid conclusions, and in 
the formulation of a well-considered course of action. 
These experiments must not involve unusual expense 
for materials and must be kept within the framework, 
not only of the subject matter but also of the student’s 
knowledge and skill. Because of such limitations, 
planning the experiments is a difficult task, in the ac- 
complishment of which my colleagues and I have only 
begun. The lines along which we are thinking may be 
illustrated by a few examples, but it must be clearly 
understood that no final decision has been reached on 
any single laboratory exercise. 

Sometimes the purpose can be accomplished by a 
small change in the directions for exercises commonly 
in use. Thus the direction “Prove that aluminum hy- 
droxide is a weak base’’ is much better than ‘‘Test an 
aqueous solution of aluminum chloride with litmus 
paper.” More frequently a slight modification of the 
experiment itself will accomplish a great deal. For 
example, one of the laboratory exercises carried out for 
many years in the general chemistry course at The Uni- 
versity of Chicago is the determination of the density 
of copper. As soon as the desired metals can be ob- 
tained in appropriate form, the experiment will be 
modified by asking the student to conclude from the re- 
sult of his own density determination which one of a 
limited selection of metals has been given tohim. Since 
the density does not uniquely define a metal, he will be 
asked, after he has handed in his first report, to look 
up other properties of the substance in question, and to 
corroborate his conclusion by tests suggested by him- 
self. The same type of modification may effectively be 
made in determining the equivalent weights of metals 
by the measurement of the hydrogen they liberate. 
Similarly, students will no longer measure the lowering 
produced in the freezing point of water by a known 
amount of a specified substance, but will be told to de- 
termine which of several molar solutions‘ contains an 
un-ionized substance and which a uni-univalent or 
other type of ionogen. The student will probably 
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choose the freezing-point method to solve the problem; 
in that event he will be asked to corroborate his result 


by other methods. This will lead him to consider the 
measurement of the conductance of the solutions and 
will incite him to familiarize himself with the simple, 
rough methods used for this purpose in general chemis- 
try courses, as well as to construct his own galvanic 
cells. Much is hoped of these experiments because 
the incentive for each one of the series comes from an 
earlier one, because they provide connected exercises 
covering a number of laboratory periods, and because, 
with a few additional exercises, the student’s own data 
may be used by him as a basis for a report on the evi- 
dence for the theory of ionization. 

Somewhat different in character is an experiment in 
which chlorine and hydrogen chloride are separately 
generated in side-neck test-tubes and the dried gases 
passed over samples of heated iron. If the experiment 
is carefully carried out, lustrous black crystals of ferric 
chloride and white, fluffy crystals of the corresponding 
ferrous salt are obtained. But the results may vary 
greatly, since the purity of the product depends upon 
manipulation, which must be careful though not highly 
skilful. The ferric salt may appear as red or orange 
crystals or even as an amorphous powder; the ferrous 
chloride may be so contaminated with the ferric salt as 
to be almost unrecognizable. This experiment arouses 
much interest and discussion. It leads to the problems 
of finding the causes for the differences observed and 
of proving experimentally what are the products formed 
by each gas. Another experiment, provisionally se- 
lected because the student may introduce a number of 
his own variations, is an adaptation of the clock reaction 
between sulfurous and iodic acids. The student may, 
within reasonable limits, change the concentrations 
and the temperature, and may also study the catalytic 
effects of hydrogen and other ions. 

Other experiments may be based on common expe- 
riences in classroom discussions. For example, in the 
quiz sections devoted to sulfur and its compounds, the 
various reactions by which sulfur dioxide might be pre- 
pared are taken up. The students are always asked 
which of these seems to them the simplest to carry out 
in the laboratory; and very seldom is the answer cor- 
rect. Hitherto it has been explained why the method 
selected was not the best possible one. Next year 
another procedure will be tried. The students will be 
allowed to devise apparatus for carrying out each 
suggested reaction and to learn from experience what 
are the criteria of simple and convenient procedures. 
The same plan can be adopted for many preparations 
involving different types of problems. The most con- 
venient reaction need not always be demanded; yield, 
time, cost, and other factors may be considered. The 
important point is that the student be allowed, in fact 
required, to put his suggestion into practice if it is at 
all feasible. And there is no reason why he should not 


try out a reaction which cannot possibly yield the de- 
sired result, provided he can thereby discover for him- 
self the reason for his failure. 


If he succeeds in finding 
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his error, he need not be penalized for the inadequacy 
of his method. 

This discussion, although not a complete description 
of the experiments on which my group has been working 
during the past year, illustrates our first approach to 
the solution of the problem. But before turning to 
other matters let me call attention to a type of experi- 
ment with a different objective. We have been struck 
with the average student’s indifference to what we con- 
sider the esthetic side of laboratory phenomena. Per- 
haps our efforts to use laboratory work in the develop- 
ment of powers of observation, of thought, and of action 
would be more effective if we could create greater in- 
terest in the phenomena themselves. The student’s 
failure to see beauty where we see it may, however, 
be due not to lack of esthetic appreciation, but to a 
prejudice of our own. For example, most of us have 
obtained gums and other messes when we hoped for 
crystallized products; any crystal now arouses our 
enthusiasm. The student, lacking this background, 
sees nothing unusual in a nicely crystallized precipi- 
tate. While teachers have striven to devise many 
striking and beautiful lecture demonstrations, they 
have not made the same effort in planning the student’s 
own work. Although experiments, like the one al- 
ready mentioned, on the chlorides of iron, will readily 
suggest themselves, I am convinced that special efforts 
in this direction will be amply repaid by the results. 

The more the laboratory work is considered from the 
point of view here emphasized, the more necessary does 
it become to reconsider practices which have gradually 
become standardized. The unnecessarily large number 
of experiments has already been mentioned. As soon 
as it is recognized that illustration of phenomena or 
development of skills, though important, are not the 
sole objectives, this number can be decreased to give 
students more time to observe, to think, and to develop 
initiative. Incidentally, they will thus obtain the op- 
portunity of benefiting by their errors because the tre- 
mendous pressure on their time will be greatly reduced. 
Recently also, I have begun to reconsider the value of 
the so-called quantitative experiments, though I have 
as yet reached no conclusion in the matter. Study of 
most manuals reveals that such experiments are used 
chiefly when atomic and molecular weights and formu- 
las are first studied, and that thereafter accurate use 
of the balance is seldom demanded. The courses which 
usually follow general chemistry are qualitative analy- 
sis and organic chemistry, in which quantitative ex- 
periments are again rare. Not until the student takes 
quantitative analysis does he again weigh to an accuracy 
greater than several tenths of a gram. Instructors in 
these courses report that all students must be retaught 
the use of the balance. Nor is it proper to defend the 
inclusion of quantitative experiments on the ground 
that they serve to present chemistry as an exact science; 
the general chemistry student’s technic and the facili- 
ties available for him give results which should lead 
any discriminating student to the opposite conclusion. 
Perhaps, if the quantitative side is to be illustrated in 
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the laboratory, it would be wiser to rely entirely on 
volumetric experiments—the determination of the con- 
centration of a urea solution from the volume of ni- 
trogen liberated is an example. On the other hand, I 
am willing to admit that there are probably many ex- 
periments of the type I consider significant in which 
the use of the balance is necessary, for example, the 
problem of determining whether an “unknown’’ sub- 
stance undergoes chemical change when heated. The 
question must ultimately be answered by a study of the 
value of the quantitative experiment from the point 
of view of the broader objectives of elementary courses. 

Moreover, if laboratory work is not to be considered 
primarily as a means of illustrating subject matter 
presented in the classroom, the laboratory and the 
classroom need not necessarily keep step with each 
other. Perhaps it would be wiser to begin with a pe- 
riod of intensive classroom work, followed by a period 
in which this phase still predominates but in which the 
laboratory time is adequate to initiate the student into 
elementary technic. Finally, when the student has 
acquired a background of fact and principle there might 
be a period of intensive laboratory work with but few 
lectures. Such a plan is followed, at least partially, in 
some high schools, in which the recitation and the 
laboratory work are done in the same room, and a defi- 
nite part of each day is set aside for the course. I am 
not sure that the plan would be adapted to college work, 
both because of difficulties with student programs and 
because it might be unwise to discourage the student’s 
desire to start his laboratory work early. I mention 
this problem and the one on quantitative experiments, 
even though I have reached no definite conclusion in 
either, because they show how the point of view I have 
emphasized leads to new consideration of accepted 
procedures. 

In conclusion, let me repeat that, in planning labora- 
tory courses, it is essential to keep in sight the major 
objectives—training in observation, in thought, and in 
action. Although the illustration of principles and the 
clarification of difficulties by direct contact with phe- 
nomena cannot be neglected, the main purpose must be 
achieved by selecting as the most significant part of 
the laboratory work, exercises the results of which the 
student cannot readily predict. These exercises should, 
as far as possible, demand the solution of some simple 
problem by experimental means. Successful work 
should require increasing accuracy of observation, in- 
creasing ability to use data and knowledge in drawing 
conclusions, and increasing independence in planning 
tests to check the conclusions drawn. To achieve this 
ideal in large classes without overstepping the bounds 
either of the student’s mental abilities or the school’s 
financial resources is a difficult task. It will require 
time, thought, imagination, and creative skill. We at 
The University of Chicago feel that we have barely 
made a beginning. No single group will be successful 
working alone. The presentation of these, as yet, em- 
bryonic ideas will be fruitful only if it results in codpera- 
tive effort to improve elementary laboratory courses. 
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ELEMENTS of the QUANTUM THEORY’ 


VI. THE HYDROGEN ATOM 
SAUL DUSHMAN 


Research Laboratory, General Electric Co., Schenectady, New York 


BOHR THEORY OF THE HYDROGEN-LIKE ATOM 


HE ESSENTIAL differences between the wave 

mechanics treatment and that based on ordinary 

mechanics are brought out most effectively by 
considering the problem of the hydrogen atom from 
both points of view. 

The hydrogen-like atom consists of a massive nu- 
cleus of positive charge, +Ze, and an electron of charge 
—e. The Coulomb force of attraction, which varies 
inversely as the square of the distance, 7, between 
electron and nucleus, is balanced by the repulsive 
force due to the motion of the electron in its orbit. The 
problem of the nature of the electronic orbits thus re- 
sembles from the point of view of ordinary mechanics 
the astronomical problem of planetary orbits (the 
problem of motion under the action of central forces, 
that is, of forces varying inversely as some power of 1). 

In such problems, where the force acting between 
the two particles is a function of the coérdinates only, 
it is very convenient to introduce the potential energy 
function, V, which is defined in terms of the force, F, 
acting between the particles thus: 


F = —dV/dr (i) 


Let us now consider the changes in this function and 
the corresponding change in kinetic energy, as the elec- 
tron approaches the nucleus from an initial distance, 
7%, to a final distance, 7; (7 > 1). 

From (i) it follows that the decrease in potential 
energy is given by 


VW—-Y = £ * Far (ii) 
0 


where Vp and V; are the value of V at r=” andr=n, 
respectively. 

According to Newton’s second law of motion, force 
is defined as rate of change of momentum. That is, 


_ @ (udv 
sil (=) 
where wv = momentum, and up is regarded as constant 
(non-relativistic case). 





* This is the seventh of a series of articles presenting a more 
detailed and extended treatment of the subject matter covered in 
Dr. Dushman’s contribution to the symposium on Modernizing 
the Course in General Chemistry conducted by the Division of 
Chemical Education at the eighty-eighth meeting of the American 
Chemical Society, Cleveland, Ohio, September 12, 1934. The 
author reserves the right to publication in book form. 
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Hence 


d dr re 
F= ai \" a (it2) 


where dr/dt = velocity along the line joining electron 
to nucleus, and 
1 "1 ad (dr\ dr 
f Fdr b Sf 7, ai 77 - dat 
a # ((é(ey 
~ 2 Jo dt ‘¢ ) « 


= # a), -5(&), 
~ 2\dt/. 2\dt/o 


™ Ti = To (iv) 


where 7; is the value of the kinetic energy at the end 
of the motion, and 7» is the value at the initial point. 

From (#2) and (zv) it follows that 

Vyi- Vo =%Mm—- Th 
or 
nUYtnh=V+Mm=E 

where £ is the total energy, which remains constant 
during the motion. For such a system (which is desig- 
nated conservative) only such changes can occur as will 
make the decrease in potential energy equal to the in- 
crease in kinetic energy. 

If now we regard the potential energy of the system as 
zero forr = ~, it follows that V must become more and 
more negative, as r is decreased. Consequently, for 
any value of 7, 


V= - — (v) 


and the force of attraction, 


Dick's ee -5(-%) _ 


_aV if Ze* 
dr dr r 


3 (vi) 


It will be observed that as a result of the convention 
V = Ofor r = o, the force of attraction is denoted by 
a function of r with a negative sign. Consequently, a 
force of repulsion must be represented with a positive 
sign. 

In order to simplify the problem, we shall assume 
that the orbit of the electron is circular and of fixed 
radius a. Then the orbital velocity is given by 


v = 27aw 
where w = frequency of revolution. 
Hence, the centrifugal force, which is repulsive, is 
given by 


2 
Fr = = = pa(2rw)? 
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Since the system is in equilibrium at r = a, 
Fa + Fr =0 
and therefore 
2= _2e8 . 
ea (vit) 
Since 
E=T+ 0 
and 
2 
T= 5 uo? - 5 u(2rwa)® = i (vttt) 
it follows from (v) that 
Ze? Ze? Ze* ; 
2G sg Ge) 


That is, the total energy of the system is negative and 
equal to half of the potential energy. It may be shown 
that this conclusion is valid for any type of orbit under 
the action of the inverse square law of force. 

Let 


then it follows from (viz) that 


_ | 2 (x) 
ON eZ? 


Now Newtonian mechanics places no limitations on 
the possible values of W andr. In order to account for 
the observed energy states of an atomic system it is 
necessary to assume some form of quantum condition, 
and Bohr therefore postulated that the hydrogen atom 
can exist only in those states for which the total angu- 
lar momentum of the electron integrated over a com- 
plete orbit is equal to an integral multiple of Planck’s 
constant, #. In the case of a circular orbit this quan- 
tizing principle leads to the relation 


QrEUndn = nh (xt) 


where a, = radius of orbit of quantum number 2, 
and v, = velocity in this orbit. 

From (x) and (xz) it follows that 
ap a 


Un 


1 
BUndn = 5 KV? 
nun 9 n rw rw or 


Hence, 





2W,, Rs 
e (xit) 


@ 


and eliminating w between this equation and (x) it 
follows that 


_ 2r2uZ%e4 


W, = -E, = (206a) 





The energy states are therefore defined by the rela- 
tion 
_ RchZ? 


a (2068) 





E, = 


2rety . 
where R = — is known as the Rydberg constant, 


and ¢ = velocity of light. 
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While a more exact calculation would consider the 
possibility of elliptic as well as circular orbits and 
would also consider the precession of the orbit about an 
axis of symmetry, the logic involved in the classical 
quantum theory was essentially as follows: Given the 
law of force acting between the particles constituting 
the system, Newtonian methods were applied to cal- 
culate the types of orbits and the relation between the 
total energy and orbital constants. Then the quantum 
condition was applied in order to determine the actual 
nature of the discrete series of orbits and energy states. 


HYDROGEN ATOM AS A POTENTIAL BARRIER PROBLEM 


Before discussing the solution of the appropriate S. 
equation for this problem, it is of interest to point out 
a method by which an approximate solution may be 
derived for the values of the discrete series of energy 
states. 

As N. F. Mott has pointed out,* “a hydrogen atom is 
simply an electron bound by an electrostatic force, 
which pulls it back if it tries to get away from the nu- 
cleus. The wave function therefore will vibrate in 
normal modes, and we shall only have wave functions 
describing the behavior of electrons of certain discrete 
energies.”’ 

An approximate calculation of the magnitude of 
these energy states may be made as follows: 

It was shown in Chapter III that in the case of an 
electron in a potential “‘box,’’ the discrete series of 
energy states is given by 

m\? h? 
(EE o 
where m is an integral value and 2a is the extent of the 
region between the barriers. Also it was shown that 


for the lowest of these states (m = 1), the corresponding ° 


characteristic function is 





o=2 ! - cos(2rx/d) (85) 

where 
A= . = 4 83 
“Jaa * (83) 


In the case of a hydrogen atom, the field of force is 
defined by the potential energy, —Ze?/r. Since the 
total energy cannot exceed this value for any given 
value of 7, it follows, if 2a denotes the diameter of the 
electron orbit for the lowest state, that 


m= - 72 (i 
and 
en aelle ii 
=4¢a= ne (11) 
From (z) and (i) it follows, by eliminating a, that 
32uZ*e4 
Fx =. i. 2 





* N. F. Morr, ‘“‘An outline of wave mechanics,” p. 63. 
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which differs from the expression in (206a) by the ratio 


32/(2x7). If \ had been assumed equal to 7a instead 
of 4a, the two results would be identical. 


THE SCHROEDINGER EQUATION 


In the Schroedinger method of calculating energy 
states the starting point is the same as in the classical 
method, that is, we consider a system consisting of 
nucleus of charge +Ze, and electron for which the po- 
tential energy is given by V = —Ze?/r, as before, and 
the kinetic energy, T, by 1/2uv?. In terms of spherical 
polar coérdinates, the total energy is given by 


E= 5 u(r? + 7992 + 1? sin? 6n?) - Ze (207) 

As shown in equation (154) Chapter V, the S. equa- 

tion deduced from this relation is of the form 

v% + a'( E + =) 6 =0 (208) 

where a? = 87%u/h?, and the Laplacian operator is 
given by the relation 


1 ra) op 
a eae 2 pet 
ve ang \e (sine: =) 
1 og 
+3 (sino st) + 2(s5° *)t (150) 


The solution of this partial differential equation 
must yield ¢ = ¢(r,0,n), and as in the case of the rigid 
rotator, we assume that it is possible to express this 
solution in the form 


$(r,0,n) = S(r): Y(6,n) 


where S(r) is a function of the radius only, and Y(@,n) 
denotes a function of the angle variables. 

We thus separate equation (208) into two differential 
equations, one in 7, and the other in 0,7, which are as 


follows :* 
1 re) (sino 3) + aan 1 


sin @ 00 0 sin? 0 ot ; + CY =0 (208) 


and 


1d/,dS\ CS Ze? 
wae) —ate(E+S)S=0 io) 


where C is an arbitrary constant which plays the same 
réle in the present case as the constant m?, which was 
introduced in solving equation (156) in Chapter V. 

Equation (209) is evidently identical with equation 
(156), and the solution is therefore a tesseral harmonic 
of the formt 


Y(6,n) = Pym 
C=1i+1)t 


* Compare equation (161) e¢ seq. 

t The tesseral harmonics are usually indicated by the symbol 
Yin where / and m are the two integers used to designate the 
associated Legendre functions. 

z The symbol / is introduced instead of k which was used in the 
previous case, in order to bring the notation into agreement with 
spectroscopic usage. 


(cos 6) - e#mn (211) 











where 
i = 0, 1, 2, ete. 
and 


m = +], «(J — 1)... +1, 0. 


As pointed out in the case of the rigid rotator this 
signifies that the particular energy state corresponding 
to any given value, FE), is degenerate, inasmuch as it may 
be represented by any one of 2/ + 1 independent eigen- 
functions. However, it will be observed that it is not 
possible from the solution of equation (209) to deter- 
mine the value of E;. For this purpose it is necessary 
to solve the radial equation (210), which, by substitut- 
ing the value for C, takes the form, 





@S 2 dS 2B (lt +1) : 
ete SH \4 +2 St ts =0 (212) 
where 
A = 89'%uE/h? 
and \ (213) 
B = 4n%uZe?/h? 


THE RADIAL SCHROEDINGER EQUATION 


In solving the last equation, which is known as the 
radial equation, we must be guided by the conclusions 
deduced in ordinary mechanics about the motion of a 
body in a central field of force. The best illustration 
of this is furnished by the investigations on the possible 
orbits of the planets in the gravitational field of the 
sun. We know that in this case two types of orbits 
are possible, (1) hyperbolic orbits for which E>0, and 
(2) elliptical (including circular) orbits, for which 
E<0. In the quantum mechanics problem we must 
therefore seek solutions corresponding to these two 
cases. 

Let us consider first the case E>0. For very large 
values of 7, all the terms in (212) involving 1/r or 1/r? 
may be neglected, and the equation becomes 


2 
o + AS =0 (214) 


The solution of this equation is evidently 


Ss = KyeixV A a. Kye—ixVA (215) 


According to (213), 
VA = = on/InE/h = 2r/d 


where \ is the de Broglie wave-length for a particle of 
kinetic energy E. From the discussion in Chapter II, 
especially the remarks on equation (47), it is seen that 
equation (215) represents a combination of two streams, 
in one of which the particle is receding from the origin, 
and in the other it is approaching the origin with a con- 
stant momentum, + VQuE. Obviously E may vary 
continuously from 0 to any positive value. That is, 
there are no discrete energy states, and this gives an 
interpretation of the fact that beyond the limits of the 
line spectrum (which is due to a discrete series of states 
of negative energy) there is also observed a continuous 
spectrum, which must correspond to states for which 
E>0. 


(216) 
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The much more interesting case is that for which 
E<0, and for which according to the classical Bohr 
theory, the system exhibits a discrete series of electronic 
orbits, each of which is distinguished by definite quan- 
tum numbers and definite values of the orbital con- 
stants. * 

Since E is negative, —A in equation (218) is posi- 
tive, and it follows from equation (216), that the mag- 
nitude, 

a: 

pee 8 ne 
which is real, has the dimensions of a length. 
We therefore introduce the dimensionless variable, 


(217) 


x= = 2r./_A, (218) 


and consequently equation (212) becomes 


@S ,2 dS 1 ,2Ba Ii +1) 
Steet Se ps) et 
The problem is to find solutions of this equation 
which are finite and continuous for all values of x 
and which vanish at x = ~. The point x = Oisa 
singular point, since 1/x becomes infinite there. It is 
therefore necessary to investigate the behavior of the 
solutions at this point and, in order to do this, we 
assume that it is possible to express the function S in 


the form, 





S = xv (220) 


where S is a constant and v may be expressed as a poly- 
nomial in powers of x, of the form 


@ 
v= >> Unx". 
0 


Hence S = voxt + yxttt +... fonxetn (221) 
and 
= = suoxs-' + (s + 1)yx? +... 
while 
as — = 
—™ s(s — 1)vox + (s+1)syxs-' +... 


Substituting in equation (219) it is found that the 

coefficient of vx*~* is given by 
s(s — 1) + 2s —U1 +1) +s(s +1) —10 +1) 

As we approach x = 0, all terms involving higher 
powers of x than s—2 may be neglected, and if S is to 
be finite at x = 0, it is necessary that x°~* = 1; that 
is, the series must not have any lower powers of x than 
those given by the relation 


s(s +1) = 17 +1). 


It follows that s = 1], or s = —(/+1), and since 
x~'-1! would become infinite at x = 0, we must choose 





* The following discussion of the problem is based on that of 
M. V. Lave, ‘Handbuch der Radiologie,’ Vol. VI, part I, pp. 
42-8, Akademische Verlagsgesellschaft m. b. H., Leipzig, 1933. 
An elementary presentation is also given by N. F. Mort, “An 
outline of wave mechanics,”’ pp. 71-7. 
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the value s = /. Using this value in equation (220), 
substituting in (219), and dividing by x’ we obtain the 
equation 


(222) 





dy | 20+1) | dv ‘ee yy =0 


dx? % da*\s 47° 


For very large values of x, all terms in 1/x may be 
neglected, and the equation becomes 


dy oy 
ee tat 


the solution of which is 
v = Ce-*/2 + Cyex/2 


Since v must not increase indefinitely with increase 
in x (which is always positive), it follows that v should 
be of the formt 


v = e—%/2-9(x) (223) 


Substituting this function and its differential co- 
efficients in (222) and multiplying by ¢*”*, the result is 


dg 2(1 + 1) dg 2Ba (1 +1) 
dx? jee 1 fey eS EO 0 


If we examine the behavior of the series, 


g(x) = Do cent 
k=0 

for large values of x in a manner similar to that used 
in the case of the Hermitian and Legendre polynomials, 
it is found that v will decrease exponentially and ulti- 
mately vanish for x — © only if the series is made to 
end with the term in x/, where j is determined by the 
relation 


2Ba =f +1 +1 (224) 


Substituting for B and a from equations (213) and 
(217) it follows from the last equation that 
2r*uZ2e4 1 

i 'G+I+ip _ 

That is, solutions of the S. equation which are finite 
and continuous for all values of x, and which vanish 
for x = o, are obtained only for the discrete series of 
eigenvalues defined by the relation 


Qa2pZ2e4 





E=- 





ho ~ ee (226) 
where n=jti+1 
and j 2 0,1 2 0, while m 2 1. 


Equation (226) is identical with equation (206c) 
derived by the Bohr theory, and is in satisfactory agree- 
ment with observations on the energy levels in hydro- 
gen-like atoms. 

Let us now consider the differential equation (222) 
which has the form 

we +20 +1) 24(n -3) “® 





+ Compare equation (112) and discussion. 
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Let 


p=2+1 
and 
k=n-+l1 
Then 
n= 5 (2n eh ~ ~~ 149) 
1 
= 5(2k — p + 1), 
j =(n+)) — (+1) 
and equation “ne may be expressed in the form 
xd?v 


ae t +0 G+ fy Gk 9 +0) — F-00270) 
This oueiins is satisfied by the associated Laguerre 
polynomial of degree k and order p, (pb S k) which is 
designated by L;?(x). It is therefore analogous to the 
associated Legendre polynomial of degree k and order 
m, P;(x), and is derived in a similar manner from the 
Laguerre polynomial of zero order defined thus: 


0 dé 

Li (x) = & ak (xke—2) (228) 
This function, it will be observed, bears a distinct 

similarity to the Hermitian polynomial defined in 

equation (119), Chapter IV. It is a polynomial of de- 

gree k in x which is given by the following series: 


Ly = (—1)* \# as Fs xh-1 + Hee UF aa 


.(=1)81 | 

(229) 

From this, by differentiating p times, is derived the 
associated polynomial of order #, 


B Sta = - = (-1'! ,——; (k — = p)! -xk—d + (—1)k- 1k . 
@opom xk-p-1 +. oe (230) 
The first ten of these polynomials are as follows:* 
Le(x) = 1, 
Ly(x) = —x +1; Ly(x) = — 


Li(x) = 2x —4 

L(x) = 2 

L3(x) = —x* + 9x? — 18x + 6; L3(x) = —3x? + 18x — 18 
Li(x) = —6x + 18 

L(x) = — 


L3(x) = x? — 4x + 2; 


Hence the solution of equation (222) is 
da = €—#/2L2F1 (x), 
and consequently the solution of the S. radial equation 
(219) is 
Smlx) = xq = €—*/2yL2T} (x) (231) 
where according to equations (213), (217), and (218) 


‘ 


r pemmmamme 
fT ie 





* CoNDON AND Morsgs, p. 63. 
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= 27 -QaV/ —2QuE,/h (232) 


and n and / are the two integers designating the eigen- 
functions S(x). 

It is most convenient to measure r in terms of the 
radius of the Bohr orbit in the normal state of the hy- 
drogen atom. This is usually denoted by a, where 


2 
a = a = 0.528 X 10-8 cm. (233) 


Introducing the expression for E, given in equation 
(226), into equation (232), the result is 


2Zr 
ai (234) 
and in terms of dp, the eigenvalues are given by 
Z%e2 
Enn ~~ 2n7ao (235) 


The associated Laguerre polynomials form an or- 
thogonal system, and in the present case it may be 
shown that the complete expression which must be 
normalized is of the form,f 


xl+le— +/2L2 + \(x) 
and that the normalizing factor is 
(WAER)* = [Wsattte—s [L2G] de = le + OIE 


(n —1— 1)! (236) 


If now, by means of equations (233) and (234), x is 
replaced by 2Zr/(nao), the normalized radial function 
becomes, 


n —1l — 1)! /2/ 2ZrN! 
Sulr) = ero - mit (=) (so en 2r/nao 2383 =) 
-- «(237) 
Table 1 gives the expressions for the normalized 
functions S,; (o), where p = 2Zr/(nao) is used as radial 
coérdinate. The corresponding spectroscopic designa- 
tion of the energy “‘term’’ is given in the first column. 


TABLE 1 


NORMALIZED RADIAL FUNCTIONS FOR THE ELECTRON IN HyDROGEN-LIKE 
Atomst 


p = 2Zr/(nao) 
Spectro- 


scopic Lut 
Notation n 1 n+l : Sni(e) 
a 3 
ii © & =1 -2(5.) 13 —p/2 
1 
2 2 0 22-4 ws) —p/2 (29 — 4) 
3/2 
‘ . eee seg <a Se —p/2 
2p 2 1 3! sale) € 'p 
I fa VA =. 
3s 3 0 —3(o% — 6p + 6) ~siee) <—?/2(p2— 6p +6) 
3°/2\ ao 
1 Z \3/2 
- CES Se/4 2. =. 
3p 3 1 24(p — 4) wala) € ‘e(p 4) 
1 Z 3/9 _ /2 
3d 3 2 —5! os P/ 452, 
: Ae?) : 





+ This is due to the fact, as shown below, that the function - 7”: r? is 
required for the physical intrepretation. 

t Expressions for eigenfunctions corresponding to higher values of m are 
given in “The structure of line spectra,” by L. A. PAULING ANDS. GoupDsMIT, 
McGraw-Hill Book Co., New York, 1930; also in the article by H. Berus, 
Handbuch der Physik, Vol. 24, Part I, p. 274, Julius Springer, Berlin, 1933. 
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Figure 34 shows plots* of the eigenfunctions, S,,(r), 
associated with the values m = 1, 2, and 3 for the hy- 
drogen atom (Z = 1), as functions of r/ap. 

It will.be observed that the number of zero points, 
or nodes. (excluding that at r = 0), along the axis of 
r. (or p) is identical with the value 7 = n—(/+1). Hence, 
j is designated as the radial quantum number, and is 
often denoted by the symbol m,. A. Sommerfeld’s 
comments upon this result are significant. 
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FicurE 34.—PLots oF NORMALIZED RADIAL FUNCTIONS FOR 
DIFFERENT ELECTRONIC STATES OF HYDROGEN ATOM 


‘*This leads,” he writes, ‘‘to a simple wave mechanical inter- 
pretation of the quantum numbers; indeed, not only in the case 
of the radial coérdinate and of the Kepler problem but in all 
cases where, using the polynomial method, we can apply the 
following definition by forcibly breaking off an expansion in series, 
that is, by the degree of the resulting polynomial: Quantum num- 
bers denote the numbers of nodes in the proper functions that le 
between the limiting points for the codrdinate in question. This 
brings to mind the analogy of the vibrating string in which the 
ordinal number of an overtone is likewise measured by the num- 
ber of nodes that lie between the fixed ends of the string.” 


THE COMPLETE SOLUTION OF THE S. EQUATION FOR THE 
HYDROGEN ATOM 


As stated at the beginning of this chapter, the com- 
plete solution of the S. equation for the hydrogen-like 
atom must be an expression of the form 

dnim(1,0,n) = Snir): Yim (8,0) (238) 
where 
Yim(9,n) = Xim(9)-Zm(n) 
is a tesseral harmonic, which was defined in equation 
(187c), with the normalizing factor given by equation 
(190). Furthermore, according to equations (165), 
(186), and (189), the individual normalized functions 
of @ and 7 are given by the relations: 


(21 am ie - C. Dp m(cos —_— 





Xim(6) = 


(165) 


+ eimn 





1 
pn = 
(n) mv 


* This figure is taken from the treatise by H. E. Wuire, ‘‘In- 
troduction to atomic spectra,’”’ McGraw-Hill Company, New 
York, 1934. Plots of these functions were first published by L. 
A. Pautine, Proc. Roy. Soc., 114A, 181 (1927). See also the 
summary by the same author in Chem. Rev., 5, 173 (1928), and 
Chapter V in the recently published work by L. PAULING AND 
E. B. Witson, Jr., ‘‘Introduction to quantum mechanics,’’ Mc- 
Graw-Hill Book Co., New York, 1935. 

¢t SOMMERFELD, ‘‘Wave mechanics,” English trans., p. 72. 
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Table 2 gives the expressions for these normalized 
functions for values of / = 0, 1, and 2. 


TABLE 2 
NORMALIZED SPHERICAL EIGENFUNCTIONS 

l m Xi,m(8) . Zm(n) 

0 0 1/2 1/V 2" 

1 0 (3/2)1/2 cos @ 1/V 2 

1 +1 (3/4)!/2 sin 0 etin/ V 2x 

2 0 1s (3 cos? @ — 1) 1/V 25 
2%2 

2 +1] 2 sin @ cos.0 et V 25 
23 

2 +2 < sin? 6 *2I1// 25 


By means of the expressions in this table and in 
Table 1, it is possible to calculate the expression for 
the normalized eigenfunction, nim, corresponding to 
any given values of m, J, and m.{ The functions for a 
few of the lowest states are as follows: 

For x = 1,1 = 0, m = 0, which is the normal state 
for the hydrogen atom, 


= af 1" —r/a 
a= = ae (=) € 0 
It is, therefore, an exponential function of 7, and 


possesses spherical symmetry. 

For n = 2, there are four eigenfunctions, one corre- 
sponding to / = 0, and three to/ = 1, as indicated in 
Table 2. The normalized functions are as follows: 


(240) 


i: Z\*/2f Zr 
gp ee ee oh = Relte 
ome 4/2 =) (Z . ) Samii eon) 
1 5/ 
guo = — wal) “r-cos6 - €—Zr/(2a0) (242a) 
1 


gu = — 7m (Z)r sin de 2r/tsenin (2425) 

From equation (225) it will be observed that all the 
eigenfunctions for any given value of n have the same 
eigenvalue, 

Z%e2 
~ 2n?ao 

The state is, therefore, of the degenerate type. As 
was shown previously, there are 2/ + 1 functions corre- 
sponding to any given value of . But for a given value 
of n, | can have the values n—1, n—2,.. .0. Hence 
the total number of eigenfunctions corresponding to a 
given value of 7 is 


Do = (2% —1) +1) + (22-2) +1} +... +341 


This is an arithmetical progression of m terms with 
constant difference 2, the first term being 1, and the 
nth, 2n—1. Hence 


D = 51 + 2m — 1) = ot 


{ A table of normalized functions is given by A. SOMMERFELD, 
‘‘Wave mechanics,” p. 71; also in RUARK AND UREy’s, “Atoms, 
molecules and quanta,’”’ p. 564, and in PAULING AND WILSON’S 
work, Chapter V. 
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Thus the degree of degeneracy for quantum number n 
isn*, This conclusion may be illustrated by the follow- 
ing table giving the different possible values of the 
quantum numbers n, J, and m, and the corresponding 
spectroscopic designations for the lower energy states 
of a hydrogen-like atom. 


Quantum 
Number 
Spectral Designation 
Designation of > n 1 m 
1S 100 1 0 0 
2S 200 2 0 0 
2P 210 2 1 0 
211 2 1 1] 
3S 300 3 0 0 
3P 310 3 1 0 
311 3 1 +1 
3D , 320 3 2 0 
321 3 2 se] 
322 3 2 2 
Electrons 
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currence. In the case of the hydrogen atom, ¢nim(7,9,) 
is a function of three coérdinates which has been defined 
in equations (238) and (239). Omitting the subscripts 
and considering only the normalized functions, the 
expression 


body = S*(r)-X*(9)-Z(n)Z(n)dv 


is regarded as denoting the probability of occurrence 
of the electron in the element of volume dv, at the 
point whose codrdinates are r, #, and ». As pointed 
out in Chapter V, 


dv = r* sin 0 drd0dn 


while the element of area on the surface of the sphere 
at 7 is 


dA = r* sin 6 dédn 





Electrons 


Electrons 


FiGuRE 35.—ANGULAR DISTRIBUTION FUNCTIONS FOR DIFFERENT ELECTRONIC STATES OF HYDROGEN ATOMS 


The integer n is known as the total quantum number. 
The number /, which is associated with the azimuthal 
angle, 0, is designated the azimuthal quantum number, 
while m, which is associated with the angle 7, is desig- 
nated the magnetic quantum number. 


QUANTUM MECHANICS INTERPRETATION OF THE CHAR- 
ACTERISTIC FUNCTIONS 


In quantum mechanics the eigenfunction ¢, ob- 
tained by solving a S. equation, has no direct physical 
interpretation. But $¢ or ¢? (in case the function is 
real) is interpreted as representing a probability of oc- 





Since Z(n)Z(n) = 1/(2z), it is evident that the prob- 
ability of occurrence of the electron is independent of 
the angle 7. 

Hence 


x? 1_§pe J 
P=>@ = sei}? (cos ot 


is the probability of occurrence of the electron per unit 
solid angle at any given value of @. It is evident that 
this interpretation is equivalent to the statement in 
Chapter V that P is a measure of the probability of 
occurrence per unit area on the surface of a sphere de- 
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scribed about the origin of codrdinates. That is, the 
magnitude of P at any given value of 6 is a measure of 
the electron density on the corresponding zone (since 
P is independent of 7). 

In Figure 31 and Figure 32 plots were shown of the 
function P in the cases /=3, m=0 and /=3, m=3, re- 
spectively. Figure 35, taken from the treatise by 
H. E. White,* shows similar plots of the probability 
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out that the electron is not confined to the shaded areas in each 
figure. The magnitude of a straight line joining the center and 
any point on a given curve is a measure of the electron’s probabil- 
ity of being found in the direction of that line. 

“‘These figures indicate that for all m = 0 states, with the ex- 
ception of s-electrons, the charge density is greatest in the direc- 
tion of the poles, 7. e., in the direction @ = 0 and z. The expo- 
nent of e’”” being zero implies that there is no motion in the 7- 
coérdinate and that the motion of the electron, 7. e., the plane of 
the orbit, is in some one meridian plane through the 7-axis, all 
meridian planes being equally probable.” 





FIGURE 36.—RADIAL DISTRIBUTION FUNCTION (D) FoR DIFFERENT ELECTRONIC STATES OF HYDROGEN ATOM, AND 
Bour ORBITS FOR COMPARISON 


density distribution as a function of 6 for different elec- 
tronic states of the hydrogen atom. In the case n=1, 
l1=0, the function P is spherically symmetrical, that is, 
‘P is independent of 6. But in the case n=2, /=1, 
three states are possible, corresponding to m=0, +1. 


“‘For these three states,’’ as White describes the plots, ‘‘P gives 
the charge distributions shown at the right and top in Figure 35. 
Each curve is shown plotted symmetrically on each side of the 
vertical axis in order to represent a cross section of the three- 
dimensional plot. Three-dimensional curves are obtained by 
rotating each figure about its vertical axis. It should be pointed 





* “Introduction to atomic spectra,’”’ p. 63. In this book the 
symbol 6m: is used for the function P;” (cos @), and the latter is 
used to designate the derivative d"P;(x)/dx™. 


For m= =+l, P has its maximum in the direction of 
the equatorial plane, while for 0< | m|< J, P has maxima 
oriented in definite directions. 

These plots correspond very well with the deductions 
based on the classical Bohr theory for the directions of 
orientation of the electronic orbits. In the following 
section it will be shown that on the basis of the S. 
theory, the total angular momentum of the electron in 
its orbit is given by M = +vV /(l+1)-h/(2r) and that 
the component of angular momentum about the z-axis 
(the axis through @=0 and m) is M, = mh/(2r). This 
means that for absolute values of m greater than zero 
but less than /, the orbits are oriented with respect to 
the z-axis. 
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Figure 35 shows the classical oriented orbits for each 
state, below the corresponding plot of P. The orbits 
are drawn slightly tilted out of the normal plane in 
order to show an orbit rather than a straight line. It 
should also be added that in the plots ‘‘for states m=0 
the scale is approximately 1/(/+1) times that of the 
other states having the same value.”’ 

Let us now consider the radial function. In this 
case, the square of the normalized function, { Sui(r) } A 
should evidently be interpreted as the probability of 
occurrence of the electron per unit length at the point whose 
distance from the nucleus is given by the value of 7. 
For a spherically symmetrical form of ¢, it follows that 
{Su(r)}? also represents the probability of occur- 
rence per unit volume. 

However at much better physical interpretation of 
the behavior of the electron in a hydrogen atom is 
obtained by use of the so-called distribution function, 
designated by D, which is derived from S(r) thus. 

The volume of the spherical shell between the radii 
r and r + dr is evidently given by 


5G x Var = 4rrdr. 


Hence, 


4rr?{ Su(r)} 2dr = D-dr (243) 


is a measure of the probability of occurrence of the 
electron tn a spherical shell of thickness dr and of radius r. 

Figure 36, taken from the treatise by H. E. White* 
gives values of D as functions of r/ap for different elec- 
tronic states of the hydrogen atom. It will be ob- 
served that in all cases D = O for r = 0. This arises 
from the fact that the volume of the spherical shell of 
thickness dr becomes infinitesimally small as r de- 
creases to zero. Stated in other terms, D = Oatr = 0 
because of the factor r?, 

On the other hand, ¢¢ plotted as a function of 7, or 
S?(r) may be quite large at r = 0. This is illustrated 
by considering the case »=1, /=0 (the normal state of 
the hydrogen atom). From equation (240) it follows 
that 


3 
droobi00 = ~(<) . €~22r/ao 
That is, the probability density is a maximum at the 
origin and decreases exponentially with increase in r. 
Thus for r = ao/2, the value of $¢ is 1/e times (36.8 
per cent.) its value at r = 0. 


The function D for this state is given by 


: ZN: 
D = 4ar*go = 4 (=) r%¢—2Zr/ay 
ao 
It has a maximum at a value r = r», which may be 
calculated as follows: 
For r = fm, dD/dr = 0 


Hence, 27m — 2Z72m/ao = 0 
For Z = 1, fm = a. 


—_—— 7 
* WuitE, Joc. cit., p. 68. Similar plots are given in the book 
by PAULING AND WILSON already cited. 
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Figure 37} shows the function ¢i90 at the top, p= 
$7199 in the center, and D at the bottom, each plotted as 
a function of 7. The distribution function exhibits a 
maximum at exactly that value of r, which was de- 
duced by Bohr, as the radius of the circular electronic 
orbit in the normal state. On the basis of the Bohr 
theory, it was also shown that the orbits for the 2p and 
3d states should be circular and of radii 4a) and 9ao, 
respectively. A simple calculation shows that these 
are exactly the values at which the corresponding D- 
functions exhibit single maxima, as indicated by the 
plots in Figure 36. 

Figure 38 gives a more graphical interpretation of 
this function for the case m = 2,1 = 0. “If we could 
imagine the electron in a hydrogen atom replaced by an 
infinitesimal source of light, the net effect of the fluctua- 
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FIGURE 37.—PLOTS oF CHARACTER- 
ISTIC FUNCTION (¢10), DENSITY PER 
Unit LENGTH (p), AND DISTRIBUTION 
Function (D) ror NorMAL STATE OF 
HYDROGEN ATOM 


tion in the instantaneous location of the electron over 
a period of time would result in an image which 
would be brightest at those points where the proba- 
bility of occurrence is greatest.’’{ 

Figure 39** gives a photograph of a three-dimensional 
representation of the distribution function for n=2, 
l=1, m=0. Most of. the charge lies in the region in- 
dicated by the boundaries, hut actually the density 
decreases exponentially with r'in the space outside the 
boundaries. 

The difference between the wave mechanics point of 
view and that of the Bohr theory is brought out by com- 
paring this conception of a probability density distri- 
bution for the electron with that of an electron revolv- 
ing about the nucleus in a definite elliptic orbit. Ac- 
cording to the older theory, the magnitude of the major 
axis of ellipse is determined by the value of 7, while the 
ratio of minor axis to major axis is given by the value 
of k/n where k is designated the azimuthal quantum 
number. In the new theory, the latter has to be re- 





{t PAULING AND GoupsmMIT, loc. cit., p. 30. 
tS. Dusaman, J. CHem. Epuc., 8, 1074-113 (1931). 
** H. C. UREY, tbid., 8, 1114-32 (1931). 
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placed by ~/i(i+1). With this modification, the 
corresponding orbits as deduced from the older theory 
are indicated on each of the plots of D in Figure 36. 





FIGURE 38.—ILLUSTRATION OF 
PROBABILITY OF OCCURRENCE OF ELEC- 
TRON FOR NORMAL STATE OF HYDROGEN 
Atom (n = 2,1 = 0) 


The origin is taken as one of the foci of each ellipse, so 
that the distances from the origin along the axis of r 
to these curves give the maximum and minimum dis- 
tances of the electron from the nucleus according to the 
Bohr-Sommerfeld theory. 

On the basis of classical mechanics the electron was 
confined in its motion to an orbit of definite dimensions, 
determined by the magnitudes of E, and of k/n. 
While the new theory replaces this conception by that 





FIGURE 39.—THE CHARGE DENSITY 
DISTRIBUTION FOR 2 = 2, / = 1, 
m = 0 


The boundaries of the figure are too 
sharp, for the charge extends through- 
out space, though most of the charge 
lies in the region indicated by the 
figure. 


of a distribution function for the occurrence of the elec- 
tron as a function of 7, there is this point of resemblance 
between the two theories, that the function D always 
exhibits an exponential decrease with increase in 7 
beyond the maximum value of the latter which is given 
by classical theory. 
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This conclusion is readily deduced by means of the 
following argument. 

Let us consider the radial equation (212) which, 
when multiplied through by 7, becomes 


@S . 2dS 2B b+ Dic _ 


where A and B are given by equations (213). 
Put R = 7S, so that R? = r2S? = D/4z is a measure 
of the distribution probability. Hence, 


dR _,, 45 
dr ~—s ar 
@R_, aS , 248 
dr? dr? dr 


awa) 


and equation (212a) becomes 


@R 2B _ K(t+1) 


oat fat {R= 0 (212b) 





Substituting for A and B from equations (213), and 
for E from equation (226), equation (212b) becomes, 





@R _ \4E%n? | 4En? l(l + 1) = 
dr? 1 Zit * ay + tr = (2126) 


It is evident that for very large values of r, the terms 
containing 1/r and 1/r? become negligible, and there- 
fore the differential equation (212c) assumes the form, 

@R  4E*n? 


ye - e et 


for which the solution which vanishes at r —> o- is 


R= Cet2Enr/(Ze2) | 





Since 
Ze2 
B= - 3 (235) 
R = Ce-2r/(n00), 


The condition that the function R shall exhibit a 
point of inflection is given by d?R/dr? = 0. Hence, 
either R = 0 (which corresponds to r = 0, independ- 
ently of the value of S at r = 0) or, from (212c), 


Kl + 1) ee ery = 
r? Ze* 











r Ze? 


Solving this quadratic equation in (1/r), we obtain 
the two roots 





© - 
r Ze n= Vn -il +1) 


which, by substitution from (235), becomes 
r= ne Var ITF Df 
For 1 =0,7 = 2n%a)/Z orr = 0 
and for Kl +1) = 3,7 = n®a)/Z. 


These values of 7 correspond to the values deter- 
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mined by the Bohr-Sommerfeld theory for orbits of 
large quantum number, . It is thus evident that the 
points of inflection on the Schroedinger distribution 
plots must occur at those values of r which represent 
the maximum values for the classical orbits. That is, 
the maximum value of the function D always occurs in 
the region inside the boundary deduced from classical 
theory. 

There are some other distinct points of similarity 
in the conclusions derived by means of both the older 
and newer theories. Thus, as mentioned previously, 
for the 1s, 2p, and 3d states the values of D show single 
maxima at those values of r which are the radii of the 
corresponding Bohr circular orbits. 

A still more striking similarity in the conclusions de- 
duced from the Bohr-Sommerfeld theory with those 
derived from the calculation of the function D is ob- 
tained by comparing the average value of r as com- 
puted by each method. 

For the elliptic orbit, the true average value of r is 
given by the relation 


pat frat 
Tt Jo 


where 7 is the period of revolution in the orbit. 
For the quantum mechanics case, in accordance with 
equation (131) 


“i * Dd 
r f rar / f r 


The integral in (244) can be evaluated from the ex- 
pression for 7 as a function of ¢, while the method of 
evaluating the second integral has been given by I. 
Waller.* 

Now if the quantum constant & used in the older 
theory is replaced by JV 1(i+1) it is found that the 
values derived by means of the two equations are 
identical. The value of ’ is given by the relation 


sage} [i Sen] 


(244) 








(245) 


and in Figure 36 the vertical lines on each curve give 
the time average values of r thus obtained. 
ANGULAR MOMENTUM OF ELECTRON 
In the last section of Chapter V it was deduced that 
* WaLLER, Z. Phys., 38, 635 (1926). 
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the average value of M? may be computed from the 
relation 


mel 
( + 72 )o = 0 


where Q is an operator defined in terms of 6 and 7. 

In order to determine whether the electron in state 
n,l,m possesses a definite value of M, it is necessary to 
find whether the relation 


(ae ef én = 0 
4? 
has solutions of the form 
M*onim = Anim 
where @ is a constant. In that case the solution is M? 


= a. 
For the electron in the hydrogen-like atom 
nt(7)- Yim (8,0) 


where Yim(0,n) is the tesseral harmonic defined in equa- 
tion (211), and S,:(r) is the normalized radial function 
defined in equation (237). Hence 


M*onim = M?Sni(r)- Yim(8,n) 


dnim = 


h2 
= — re) : Snt(r)-2 Vim (8,n) 


since Q is an operator which does not involve r. 
But from the solution of equation (156) in Chapter 
V it follows that 


QVim = —Ul + 1) Vin 


Consequently 
Mbnim = x UL + 1) Yim (0,0) Su(?) (246) 
h(t + 1) 
= ——— * Palm 
Hence we conclude that the solution is 
we - M+) (247) 


4r? 


That is, in the state of quantum number /, the total 


angular momentum is V/(/+ 1) in units of h/2r7. In 
a similar manner it may be deduced, as in the case of the 
rigid rotator, that the angular niomentum with respect 
to the z-axis is 


M,z = mh/(2z). (248) 





AVOGADRO’S NUMBER 


Professor Frank E. Ware, Head of the Department of Physical Science at Peru State Teachers College (Nebraska), has recently 


called to our attention an estimate of the weight of the earth made by Sir James Jeans some five years ago. 


This estimate of 


6 X 10*! tons (since revised, we are told) is suggested by Professor Ware as a basis for comparisons which may aid students in 


realizing the magnitude of Avogadro’s number. 


If the earth were sacked in twenty-pound sacks (no doubt water-proof sacks are available) the number of packages would equal 


Avogadro’s number. 


If the earth were worth one hundred dollars per ton its total value in dollars would be equal to Avogadro’s number. 





The FORMATION of MICRO- 
SCOPIC LIESEGANG RINGS 


E. C. BOTTI, O. W. LINK, anv B. P. CALDWELL 


The Polytechnic Institute of Brooklyn, New York 


INCE the pioneer investigations of Liesegang’ 
the phenomenon of rhythmic precipitation has 
attracted the attention of many workers.? This 

work has been done largely in test-tubes and Petri 
dishes. 

Lloyd and Maravek® showed that it was much easier 
to obtain rhythmic precipitation in capillary tubes than 
in larger tubes. 

The present paper deals with the formation of Liese- 
gang rings upon the microscope slide. The advantages 
claimed for the procedure are: (1) that the time re- 
quired for the formation of the rings is quite short—a 
few minutes; (2) the process of ring formation can be 
followed by means of the microscope; (3) the amounts 
of material needed are very small; (4) if a permanent 
record of results is desired a photomicrograph can be 
easily obtained. 

















FicuRES 1 & 2.—SILvER ARSENATE 


EXPERIMENTAL METHOD 


The experimental method is simple enough. A 
gelatin solution (10 g. gelatin to 100 ml. water) is 
prepared in hot water and filtered through glass wool. 
To approximately 5 ml. of this solution is added 1 ml. 
of aqueous solution of one of the reactants, and uniform 
drops of the mixture are placed on a clean microscope 
slide. This is then allowed to cool in a dust-free 
chamber until the gelatin has set. 

A droplet or two of the solution of the second reac- 





1 LigsEGANG, Phot. Archiv., 221 (1896). 

2 See Hotmgs, H. N., J. Am. Chem. Soc., 40, 1187 (1918); 
J. Franklin Inst., 184, 743 (1917); Dar AND CHATTERZI, 
Kolloid Z., 37, 2 (1925); HarTMAN, KANNING, AND GALLION, 
J. Phys. Chem., 37, 229 (1933). 

3 LLoyp AND MaravEK, J. Phys. Chem., 35, 1512 (1931). 


tant is then deposited on the gelatin drop from a fine 
capillary, care being taken to avoid rupturing the gela- 
tin surface. If desired, four or more droplets may be 
placed upon each drop of cooled gelatin mixture. 

When proper concentrations of reactants have been 
employed the concentric rings of fine-grained precipi- 
tates form quickly. 

The accompanying illustrations show some of the 
results obtained. 





Ficures 3 & 4.—SILVER CHROMATE 


For the precipitation of silver arsenate the solutions 
were as follows: 5 ml. of the gelatin mixed with 1 ml. 
of sodium arsenate solution (6 g. per 100 ml. water); 
silver nitrate (10 g. per 100 ml. water). 

With single droplets upon the gelatin the rings 
formed very close to one another, the outer rings only 
being clearly distinguishable. Better results were ob- 
tained when two or three droplets of silver nitrate were 
placed on the gelatin-arsenate in close proximity to one 
another as in Figures 1 and 2. 

For the precipitation of silver chromate optimum 
results were obtained when potassium dichromate (1 
g. per 100 ml. water) was mixed with the gelatin and 
silver nitrate droplets were added as before. That the 
bands follow the contour of the added droplet faith- 
fully is shown in Figure 3. The regularity of the bands 
is well shown in Figure 4. 

The results of reaction between twinned droplets of 
silver nitrate and the potassium chromate (10 g. per 
100 ml. water) mixture with gelatin are shown in Fig- 
ure 5. 

Silver todide precipitation was not so satisfactory. 
Small segments of rings appeared, and then precipita- 
tion occurred between the rings, thus obliterating them 
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in large degree. In addition, single crystals and clus- 
ters of silver iodide formed in the center of the droplet. 
The potassium iodide and silver nitrate concentrations 
were varied with little change in result. The photo- 
graphic record presented in Figure 6 is that of the pre- 
cipitation obtained with a solution of potassium iodide 
containing 5 g. per 100 ml. water. 

The results above reported, and others with other 
reactions, justify us in believing that the microscopic 
method of illustrating the phenomenon of rhythmic 
precipitation deserves consideration by instructors who 
wish to bring the subject of Liesegang rings to the at- 
tention of their classes either by lecture demonstration 
or by individual practice. 


‘ 








FIGURE 6.—SILVER 
IODIDE 


FIGURE 5.—SILVER 
CHROMATE 





DEVELOPMENT of the CORRICULUM 
in COLLEGE CHEMISTRY 


BRUCE W. MERWIN 


Southern Illinois State Normal University, Carbondale, Illinois 


URING the past half-century the offerings of the 
various college departments of science have 
changed greatly, resulting at present in some 
uncertainty as to what new courses should be added 
as these different departments expand. This paper 
reports a study of the shifts in collegiate courses offered 
in chemistry, an attempt to show possible causes of 
these changes, and to ascertain present tendencies. 
For this study the field was limited to Kansas as a 
typical state. In this state the development of the 
colleges covers the past seventy years, a period which 
has witnessed almost all the changes in chemistry 
teaching above the secondary level. This state also 
has consistently shown itself ‘‘college-minded,” and 
more than one per cent. of its population is now en- 
rolled in college. 


SCHOOLS IN KANSAS 


As Kansas territory was settled, there was an active 
movement to establish colleges. The early settlers, in 
general, came of New England stock and, like their 
ancestors, favored the best possible education for their 
children. Various religious bodies also did much 
toward establishing the early schools. 

Prior to 1855 only a few elementary schools for 
Indians and the children of the early settlers had been 
established. The first important period of ‘educational 
advance in Kansas was from about 1855 to the opening 





of the Civil War, when eighteen universities and ten 
colleges were chartered. Of these only three have 
continued to the present. 

The years at the close of and immediately following 
the Civil War witnessed the establishment of three im- 
portant state educational institut.ons and four im- 
portant denominational colleges. The passage of the 
Morrill Act in 1862 and the wave of immigration follow- 
ing the war stimulated the establishment of these 
schools. 

During the decade 1870-80, many elementary schools 
were established and the teacher-training institutions 
were strengthened. Between 1880 and 1890 ten im- 
portant institutions of collegiate rank were founded, 
including the Federal Indian School, Haskell Institute. 
By 1900 nine additional colleges were founded or re- 
organized. Many other institutions were founded but 
failed to survive because enthusiastic town promoters 
and ambitious clergy frequently lacked the foresight 
and ability to conceive and to carry out such under- 
takings. ; 

CHEMISTRY IN THE CURRICULA 


Three periods may be distinguished in the history of 
chemistry within the time studied: (1) an early period 


ending about 1880; (2) a middle division extending to 
1910; and (8) a recent one extending to the present 
time. 
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During the first period when the practical and the 
utilitarian dominated, the ideas of classification and 
philosophy and little experimentation were associated. 
As early as 1875 the Agricultural College disagreed 
with the proponents of classical training when they 
claimed: 

Kansas State Agricultural College furnishes a mental training 

having less bosh and possessing more real value to the boys and 
girls who will have to make a living by working than can be ob- 
tained elsewhere; it affords a mental discipline equal to that of 
any other institution; and it gives a manual training which can- 
not be found elsewhere. 
This appears to have been an instance of a tendency to 
offer practical work rather than to change with the 
times, and yet the then prevalent idea of “‘mental disci- 
pline’’ was cleverly made the most of. The status of 
Greek and science in the early period may be partially 
inferred from the 1887 catalog of Midland College 
which states: 

“The recent war against Greek in the leading universities, and 
the coming in of science and of laboratory method; the revived 
claims of modern languages and the improvement of English 
literature as a subject are producing changes in the offerings.” 

The second period, from 1880 to 1910, was character- 
ized by the development of the laboratory, an expression 
of the growing scientific spirit, and the tendency to 
stress the study of laws and theories, all having as an 
aim the development and discipline of the mind, ac- 
companied by a rapidly increasing tendency toward the 
utilitarian. The changes in subject matter and content 
indicate that the practical or utilitarian aim in college 
education had been widely adopted by the end of the 
century. The transition from the classical to the mod- 
ern, from the theoretical and speculative to the prac- 
tical point of view, evoked certain movements which 
in turn contributed toward the change in aim. The de- 
sertion of the disciplinary aim was responsible for the 
transition from required to optional work, for the 
shifts in the amounts of time allotted to the various 
subjects, for the introduction of new subjects and the 
repression of some of the old, and even for new meth- 
ods of instruction and increase in enrolment. During 
the four decades from 1880 to 1910, the transition from 
prescribed to elective work was almost complete. In 
1880 practically all of the work was prescribed, but as 
the demand for different types of work increased, new 
degrees were offered, each with its own required subjects 
or sequences of subjects. As the demand for variety 
continued to increase, the number of degrees and the 
sequences of subjects leading to them increased until 
the program became awkward and unwieldy. This 
stage in which election was by courses rather than by 
subjects was followed by a movement toward elective 
subjects composing one general course leading to one 
degree. 

An inspection of the following tables, showing the 
amount of required work at the various periods, reveals 
the development of this movement. 

Table 1 signifies that in the nine colleges existing in 
1880, seven required some work in chemistry, which 
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included nine courses, or seventy per cent. of the total 
work listed in this field. In contrast with this is to be 
noted the condition in 1910, when, of the twenty-three 
colleges studied, only six required. work in chemistry, 
again comprising nine courses, but now equivalent to 
only seven per cent. of the total offerings in this field. 


TABLE 1 
AMOUNT OF CHEMISTRY REQUIRED IN Kansas COLLEGES, 1880-1910 
1880 1890 1900 1910 


Total No. of Colleges 9 18 22 23 
No. of Colleges Requiring Work in Chemistry 7 16 14 6 
No. of Courses in Chemistry Required 9 21 21 9 


Percentages of Courses in Chemistry Required 70 68 30 7 


Table 2 shows how rapid has been the growth of 
the chemistry departments in their offerings. 


TABLE 2 


MAxIMUM AND MEDIAN NUMBER OF SEMESTER HourRS OFFERED IN THE 
CHEMISTRY DEPARTMENTS OF CERTAIN KANSAS COLLEGES 
(1870-1925) 

1870 1910 1920 1925 1930 


No. of Colleges 7 23 20 20 17 
Maximum No. Sem. Hrs. 14 94 106 119 83 
Median No. Sem. Hrs. 3 24 33 40 42 
Total Sem. Hrs, 41 665 879 1009 


All the seven Kansas colleges offered some chemistry 
in 1870; Baker University offered the maximum of 
fourteen hours, the median was three semester hours, 
and the total offering was forty-one semester hours. 
The twenty-three colleges existing in 1910 offered a 
total of 665 semester hours in chemistry, of which the 
maximum was ninety-four hours, while the median had 
increased from three to twenty-four. Fifteen years 
later, twenty colleges were offering a total of 1009 hours 
of work, with a median of forty hours and a maximum 
of 119. 

The percentage of time allotted to the department of 
chemistry compared to that of other departments 
varied considerably but in each decade it ranked high, 
and in 1925 only one other department listed more 
work. As may be seen from Table 3, in 1870 chem- 
istry ranked fourth in the percentage of total semester 
hours offered. At this time it was exceeded by the 
departments of Latin, Greek, and mathematics, which 
three departments were responsible for forty-four per 
cent. of the total work offered, whereas chemistry com- 
prised five per cent. Twenty years later, with an offer- 
ing of 4.4 per cent. of the total, chemistry ranked but 
eighth. However, by 1910 the offerings from this 
department had increased to 7.8 per cent. of the total, 
which indicated that in chemistry more work was offered 
than in any other field. This relative position was 
maintained until nearly 1925, when the rapidly develop- 
ing department of education forced it into second place 
with a total of 6.7 per cent. 

Many of the recommendations of the Committee of 
Ten, 1893, are still reflected in the college offerings in 
chemistry. The more important recommendations 
were as follows: chemistry for those going to college 
or scientific schools and for those going to neither should 
be treated in the same manner and include the same 
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content; chemistry should be taught by a ‘‘combination 
of laboratory work, textbook, and through didactic 
instruction carried on conjointly, and at least one-half 
of the time devoted to these subjects [should] be given 
to laboratory work’’; an entire year should be devoted 
to the subject; one-fourth of the time of the high-school 
courses should be devoted to nature studies, and this 
amount of preparation should be required for entrance 
to college. 

Since 1910, or perhaps a little earlier, there has been 
a strong shift to the practical, the useful, in all school 
subjects and an attempt to offer those things that will 
best fit the student for life in his community. These 
things are difficult to determine, and during the present 
decade numerous studies are being made to determine 
objectively just what subject matter should be in- 
cluded. A study of Table 4 shows the efforts being 
made to enrich and make practical the work in the 
collegiate chemistry departments. 


TABLE 3 


DISTRIBUTION BY PERCENTAGES OF THE TOTAL SEMESTER HouRS OFFERED BY 
THIRTY-THREE DEPARTMENTS IN CERTAIN Kansas COLLEGES, 1870-1925 


1870 1890 1910 1925 


Chemistry 5.0 
Physics 5.0 
Astronomy 2.0 
Geology 4.0 
Agriculture ae 
Mathematics 14.0 
Bacteriology 
Biology 

Physiology 

Botany 

Zodlogy 

Entomology 

English Literature 
English Composition 
Journalism 

Public Speaking 
History 

Political Science 
Economics 

Business Admin. 
Sociology 

Man. Tr. & Eng. 
Home Economics 
Education 
Philosophy 
Psychology 

Art 

French 

German 

Spanish 

Latin 

Greek 

Religious Educ. 
Miscellaneous 
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The same forces that brought about the appoint- 
ment and the final report of the Committee on Sciences 
of the Commission on the Reorganization of Secondary 
Education, 1920, caused the college authorities to shift 
their offerings to meet the new demands. This com- 
mittee endorsed the general science course and recom- 
mended general chemistry and specialized chemistry 
for various curricula such as household chemistry, 
industrial chemistry, etc. A parallel movement is also 
revealed in Table 4; for instance, household chemistry 
came to be supplemented by such coyrses as food 
analysis and sanitary chemistry, and industrial chem- 
istry came to include many practical phases. This 
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TABLE 4 


DISTRIBUTION OF CouRSES LISTED IN CHEMISTRY BY PERCENTAGES OF 
COLLEGES OFFERING 


Kansas 1870-1930 


No. of Colleges 6 18 23 20 17 
Year 1870 1890 1910 1920 1930 
Subject 
General Chemistry 83 83 70 75 94 
Inorganic Chemistry 17 17 43 60 65 
Qualitative 0 1l 74 85 94 
Organic Chemistry 0 17 74 100 = 100 
Quantitative 0 17 52 85 100 
Advanced Quantitative 0 6 9 20 71 
Physical Chemistry 0 6 17 45 82 
Hist. of Chemistry 0 6 22 20 41 
Industrial Chem. 0 0 13 35 35 
Glass Blowing 0 0 5 0 6 
Teachers’ Course 0 6 0 0 29 
Philosophy of Chem. 0 0 0 0 0 
Water Analysis 0 0 0 0 24 
Assaying 0 6 17 20 24 
Agricultural Chem. 0 6 13 25 29 
Physiological Chem. 0 6 22 20 24 
Household Chemistry 0 1l 22 45 29 
Experimental Chem. 0 0 0 5 6 
Photography 0 6 9 5 0 
*Fuel Analysis 0 0 0 0 41* 
Food Analysis 0 0 0 0 53 
Oil Analysis 0 0 0 0 24 
Metallurgy 0 0 0 0 35 
Advanced Organic 0 0 0 0 71 
Organic Preparations 0 0 0 0 65 
Organic Problems 0 0 0 0 29 
Adv. Physical Chem. 0 0 0 0 24 
Survey of Chemistry 0 0 0 0 6 
Chem. of Rare Elements 0 0 0 0 12 
Chemistry of Cement 0 0 0 0 6 
Sanitary Chem. 0 0 0 0 12 
Inorganic Preparations 0 0 0 0 18 
Chem. of Explosives 0 0 0 0 6 
Chemistry Problems 0 0 0 0 12 


* Note: Some of the courses that seem to appear for the first time in 1930 
actually appeared earlier and were then included under more general titles, 
such as Industrial Chemistry, which developed rapidly after 1900 into a 
number of specialized courses such as those dealing with fuels, foods, oil, 
explosives, cement, etc. These are listed in this expanded form to show the 
wide variety of courses listed in 1930. 


shows the response to the demand for training for the 
differentiated branches taught in secondary schools. 

Another force that hastened these changes was Dr. 
Frederick J. Kelly’s study of the liberal arts colleges. 
He called attention to the need for definite aims and 
made some suggestions which, in some cases at least, 
appear to have stimulated and servedeas guides in the 
selection of additional courses. 

It is also to be noted that since 1910 a lessening 
amount of time is devoted to the laboratory and more 
to demonstration work, while the disciplinary aim is 
rapidly giving place to a practical aim based on the 
demands of the individual student and the community 
in which he lives. Courses dealing with foods, cement, 
or explosives are good examples of this. 

The historic trends in the treatment of chemistry 
as a school subject indicate that the present decade 
will witness an expansion in the college chemistry cur- 
ricula along three lines; first, by the introduction of 
those higher courses designed specifically for those who 
are to become technical and research chemists; second, 
by the introduction of those utilitarian and ‘vocational 
courses essential to the welfare of particular voca- 
tional groups; and third, by the introduction of general 
cultural courses in chemistry designed primarily for 
those neither continuing work in chemistry nor employ- 
ing it in their vocations but to whom a knowledge of 
chemistry may furnish a means of avocational enjoy- 
ment. 








MATHEMATICAL PROBLEM PAGE 


Directed by EDWARD L. HAENISCH 


Montana State College, Bozeman, Montana 


b 
HE integral f f(x)dx represents the area between 


the curve, y = f(x), the X axis, and the ordinates 
x =aandx=b. When f(x) is not known or cannot 
be integrated the area in question is determined by 
one of the following methods: 

COUNTING SQUARES. If the data are plotted on 
uniformly ruled graph paper the number of squares in 
the desired area can be counted and multiplied by the 
conversion factors corresponding to the scale which has 
been chosen for the plot. Care must be taken to 
give the area in question the proper sign. 

WEIGHING. If the paper is of uniform texture the 
desired area may be cut out, weighed, and its weight 
compared to that of a given number of squares. 

TRAPEZOIDAL RULE: Divide the area into strips 
of equal width, Ax, and obtain the heights of the succes- 
sive ordinates 1, Yo, ..., Yn. 


Area = [!/ey1 + y2 +93 t+... + IYnma + '/2yn] Ax. 


SIMPSON’S RULE: Divide the area into an even 
number of strips of equal width Ax and obtain the 
heights of the successive ordinates 1, Yo, ..., Vn. 


Area = 1/3[(91 + yn) + 4(v2 + 6 + Ye + ..-) + 
2(ys + ys + 2 + ...)] Ax. 


MECHANICAL: A planimeter or integraph is used. 
For a description of these instruments consult Lipka 
or treatises on engineering or surveying. 


REFERENCES 


DANIELS; pp. 161, 206, 241. 

MELLOR; p. 335. 

LipKa; ‘‘Graphical and mechanical computation,”’ John Wiley 
& Sons, New York City, 1921. 


PROBLEMS 
1. Evaluate J x*dx (a) by counting the squares ona 
1 


plot; (b) by application of the trapezoid rule over six 
intervals; (c) by application of Simpson’s rule over six 
intervals; (d) by direct integration. Compare the re- 
sults of the four methods and rank (a), (b), and (c) in 
their respective order of accuracy. 

2. Find In 2 approximately from the formula, In 2 = 


f° dx 
ol+zx 


Take 10 intervals and use Simpson’s rule. 





3. Calculations based on the 3rd law of thermodv- 
namics involve the evaluation of: 


T2 aT Ti 
AS = [oF = Cyd (In T). 
Ti T2 
Use the data of Parks [J. Am. Chem. Soc., 47, 338 


(1925)] to obtain AS when one mol of CH;0H is 
heated from 175.3°K. to 298.1°K. 


i Cp (cal. gm.~}) 
188.4 0.527 
193.5 0.529 
197.1 0.530 
255.9 0.535 
274.9 0.576 
276.0 0.578 
285.7 0.590 
290.1 0.597 


4. From the equation: NiLd, + NodL, = 0 and the 
fact that at Ni/N, = ~, L, = 0, find a value of Zz at 
Ni/Nez = 9.64 from the following data of Young and 


Vogel [J. Am. Chem. Soc., 54, 3030 (1932)]. (Use the 
method of counting squares.) * 
Ni/N2 Li Ni/N2 Li 
22,200 —0.0004 55.5 2.90 
2467 —0.008 38.5 5.9 
1,388 —0.015 28.3 9.8 
617 —0.023 Vy 14.2 
347 —0.002 iby ga 18.5 
222 +0.086 13.9 21.4 
154 0.27 12.6 21.6 
113 0.61 11.5 20.6 
86.7 1.13 9.64 13.5 
68.5 1.88 


5. Derive Simpson’s Rule. Assume that through 
each three equally spaced ordinates a curve of the type 
ayo + ax = dx? approximates the given curve. Take 


the center one of the three ordinates to.be the Y axis 
Ax 


and compute (ao + ax + adx*)dx which is taken 
—Ax 


as the area under the given curve. Evaluate dp, du, 
and d2 in terms of 41, ye, v3 which are ordinates of the 
given curve at the ends of the intervals which are Ax 
wide. Do this for each set of three ordinates and add 
the results. 





* This problem introduces the difficulty of estimating an area 
which extends to o. For methods of avoiding this in certain 
cases see LEWIS AND RANDALL, “Thermodynamics,” McGraw-Hill 
Book Company, Inc., New York City, 1923, pp. 91, 269, 273. 
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KEEPING UP WITH CHEMISTRY 


Laundering water. ANoNn. Ind. Bull. Arthur D. Little, 
Inc., 103, 1 (July, 1935).—-Hard waters for some years have been 
successfully treated by the zeolite or Permutit process to soften 
them. The water passing through the zeolite loses its hardness 
by absorption of the lime and magnesia present. When the ab- 
sorption limit has been reached, a stream of salt water is passed 
through the zeolite, releasing the lime and magnesia which ride 
out with the waste salt water and are discarded. After a single 
flushing with fresh water to remove the salt water, the regenera- 
tion of the zeolite is complete. Other applications of this specific- 
absorption property of various materials have been made, espe- 
cially for color removal, but none are so ‘innately clever” as one 
which we have discovered in Teddington, England. It has been 
found possible to pass ocean water through a succession of filters 
which entirely removes its salt content. Salt dissolved in water 
may be considered as a mixture of caustic soda and hydrochloric 
acid intimately mixed. In this English process the salt solution 
passes through layer number one which absorbs the caustic 
soda, then through layer number two which absorbs the hydro- 
chloric acid, then through a similar pair to make sure that all 
has been removed. The most interesting part of the process is 
the nature of the absorbents. They are not mineral. They are 
synthetic, organic chemicals of the formaldehyde resin type. 
The base-absorbing resin is prepared from tannin and formalde- 
hyde, and the acid-absorbing medium from aniline and formalde- 
hyde. Regeneration is also possible. G, GO. 

Mineral plastics. Anon. Ind. Bull. Arthur D. Little, Inc., 
103, 1-2 (July, 1935).—The application of such plastics as 
Bakelite has nearly caused us to forget that the original plastic 
was clay. Bricks and pottery have been made from plastic clay 
for a long, long time. Porcelain originated a thousand years ago 
in China, was developed for dinner-ware a century ago, and ap- 
plied in the electrical industry early in this century. During the 
present automobile era it has seen further development in the 
improved forms, sillimanite and mullite, which are practically 
pure porcelain. A whole group of specially designed or engi- 
neered mineral plastics has been developed recently, notably 
Lava, a trade naine for the mineral steatite, and Alsimag, a double 
silicate of aluminum and magnesium which may be either ex- 
truded or pressed, and chemically pure oxides of aluminum, mag- 
nesium, and beryllium for special vacuum-tube requirements. 
Lava stands up better than other materials in certain uses which 
involve heat, chemical abuse, and mechanical erosion. It with- 
stands heat up to 2000°F. Its largest present use is in the elec- 
trical industry as a precision insulator. Fishtail burners used in 
the production of carbon black from natural gas have Lava tips. 
The acetylene or Prestolite burner made use of Lava. Alsimag 
has an important place in the high-frequency field. In the newer 
short-wave receivers Alsimag is used because it does not bend as 
do other materials. Alsimag steatite insulation is almost indi- 
spensable in the short-wave aircraft and police transmitters. 
Other uses of this material are for waffle iron, grill, and toaster 
heater forms, soldering irons, hair dryers, toys, etc. 

Intermediates. Anon. Ind. Bull. Arthur D. Little, Inc. 2 
103, 2-3 (July, 1935).—Dye chemists are able to design and then 
to construct new molecules to order to secure not only the speci- 
fied shade but the right dye to combine with this or that fiber, or 
to have the desired solubility in water, oil, or other solvent. 
The substances used in the production of dyes are called inter- 
mediates and are of themselves colorless. There are hundreds 
of them known and made in quantity to provide molecules of the 
right size and properties specified in making a particular dye. 
The dye chemist can choose his molecules much as a mechanic 
chooses washers, nuts, or other fittings. A shorthand has even 


been set up for their unwieldy names, as ‘‘H acid’ for “‘l-amino-8- 
naphthol-3,6-disulfonic acid,’’ while other names, such as ali- 
zarin and acetanilid, go without abbreviation. 


Intermediates 
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may be made by the dye company that uses them, bought from 
other dye companies, or purchased from chemical houses. Be- 
fore 1914 the U. S. purchased most of its dyes, and neither made 
nor purchased any intermediates. Since the War we have built 
up a large dye-producing industry, which uses principally Ameri- 
can-made intermediates. Since 1923 more intermediates have 
been produced than dyes. This is because some of them find 
other uses. For example, the various types of rayon are ‘‘flexi- 
bilized” with chemicals of the general type of intermediates; 
the rubber industry takes more as accelerators, anti-oxidants, 
and in special colors; synthetic pigments for paints and plasti- 
cizers for lacquers absorb a large amount; insecticides, fungicides, 
antiseptics, and medicinals consume a lot; small amounts but 
nevertheless important are used for ore flotation, as corrosion 
preventers and pickling controls for metals, and wetting-out 
agents for textiles. A use increasing in this country is the em- 
ployment of intermediates for the making of synthetic tanning 
agents for leather. All of this makes for a better and a larger 
chemical industry. G. O. 

Per-bleaching. ANon. Ind. Bull. Arthur D. Little, Inc., 
103, 3-4 (July, 1935).—Originally cotton was bleached in the 
sun, preferably out on the dewy grass. Up to very recent years 
the housewife purchased unbleached sheets because they were 
cheaper and because she feared weakening of fibers by the fac- 
tory-bleach. Now factory bleaching is practically universal, 
because it is much cheaper than formerly and because there is 
only slight loss of strength, thanks to rigid chemical control. 
Formerly, only chlorine types of bleach were used, but they really 
bleached by oxygen rather than by chlorine. Recently, a num- 
ber of oxygen-rich ‘‘per’? compounds have been developed and 
commercialized and these have several advantages over Javelle 
water, including greater safety in operation. They are also gentle 
in action. Such compounds are hydrogen peroxide and sodium 
perborate as well as sodium borate. They supply active oxygen 
at relatively low unit cost. The ‘‘per’”’ compounds are unique as 
bleaching agents in that they bleach satisfactorily all the com- 
mon textile fibers of vegetable or animal origin. They also 
constitute the basis for the only method of producing permanent 
results for most mixtures of fibers. One of the first cotton fab- 
rics to be bleached with ‘‘per’’ compounds was toweling, particu- 
larly the terry fabrics. From 1925 to 1931 the amount of cotton 
fabrics per-bleached increased 100%. 

Rubbone. Anon. Ind. Bull. Arthur D. Little, Inc., ; 103, 
4 (July, 1935)—When rubber ages, it first becomes soft, then 
cracks and gradually becomes hard and brittle. Chemically, 
the rubber has oxidized. Great effort has been made to prevent 
oxygen-vulcanized rubber. Rubber tires have carbon black in 
their composition partly to reduce transparency and thereby to 
protect them from sunlight, and anti-oxidants which are added 
in small amounts to prevent combination with oxygen. In Eng- 
land they are making oxidized rubber intentionally and are try- 
ing to find uses for it. This oxidized rubber has been named 
“Rubbone” and is produced by milling pale crépe rubber, 20 
parts of which is made into a paste with 80 parts of kerosene and 
1/, part of cobalt linoleate added. The mixture is heated to 160° 
F. and then air-blown until a sample drawn off settles rapidly, 
leaving a clear, thin solution of the oxidized rubber. The whole 
is then clarified and the solvent driven off by steam distillation, 
leaving the resinous rubber product. Oxidized rubber is a 
sticky semi-solid that will just pour at ordinary temperatures. 
If kept hot for a relatively long time (24 hours at 280°F.), it 
“thermo-sets.”’ It appears to be of value for the impregnation 
of coils of wire, which after baking until thermo-setting, leaves 
the wire embedded in an elastic solid insulator which case- 
hardens on the surface so that it is non-tacky. Attempts are 
also being made to use Rubbone in paints for adhesiveness and 
good undercoat properties. G. O. 








546 


JOURNAL OF CHEMICAL EpUCATION 


APPARATUS, DEMONSTRATIONS, AND LABORATORY PRACTICE 


Chemical microscopy. R.D.Coor. The Chemist, 12, 66-72 
(Mar., 1935).—The microscope is perhaps the most important of 
the several instruments designed to determine the different phys- 
ico-chemical constants of materials.. These instruments include 
colorimeters, polarimeters, and refractometers. With a com- 
plete microscope outfit determinations of color, rotation of 
polarized light, refractive index, melting point, crystalline form, 
size, shape, and uniformity of powders and precipitates may be 
made. The microscope is not an automatic recorder, but in the 
hands of an informed and observant chemist it is a very useful 
instrument. E. R. W. 

A quantitative experiment for high-school chemistry. D. 
ParRKER. Sch. Sci. Math., 35, 75-6 (Jan., 1935).—A quantita- 
tive experiment for students in high school must have at least 
the following characteristics: (a) involve a minimum of ap- 
paratus; (5) use materials ordinarily found in the laboratory; 
(c) require a minimum of experimental skill; (d) be safe and fool- 
proof; (e) lead to the desired result invariably and quickly. The 
following is offered: take a weighed quantity of tin foil in a 
weighed crucible and add concentrated nitric acid, drop by drop, 
from a glass tube, to the tin. This part of the experiment is per- 
formed ina hood. After all the tin has reacted the mass is dried 
by means of a burner held in the hand, then heated strongly for 
a few minutes in the hood, then removed to the desk and heated 
strongly for fifteen minutes, cooled to room temperature, and 


weighed. The tin oxide obtained is in the form of heavy flakes 
and non-volatile. Weighings are made to a milligram only on 
pulp balances. With 23 students, the atomic weight of tin as 
obtained varied from 110 to 128. Since the value obtained by 
combining weight ratio may be only the “apparent” atomic 
weight, another advantage of this experiment for the purpose is 
that the specific heat of tin may be obtained by a demonstration 
before the class and the ‘‘approximate”’ atomic weight determined 
by the law of Dulong and Petit. By comparing the two values 
the “true” atomic weight may be found. J. H. G. 

The use of celluloid in botanical illustrations. W.H.WeEsTOoN, 
Jr. Am. J. Botany, 22, 384-91 (Mar., 1935).—Several years 
of experimentation have demonstrated that opaque, white, sheet 
celluloid is superior to other drawing boards in that it has a 
smooth matte surface facilitating the most delicate line or stipple, 
yet taking ink readily even on large areas without soaking in or 
cracking; it is durable, non-friable, and permanent; it is easily 
obtained and relatively inexpensive; it permits repeated scrap- 
ing or erasure without sacrificing surface texture. 

Its advantages for use in various kinds of botanical illustra- 
tion are discussed, a method of sensitizing it to receive a photo- 
graphic image on which drawings can be made is represented, 
and its suitability for bold woodcut effects through a ‘Celluloid 
Sgraffito” technic is emphasized. 

E. D. W. 


HISTORICAL AND BIOGRAPHICAL 


Chemical industry and Carl Duisberg. H. E. ARMSTRONG. 
Nature, 135, 1021-5 (June 22, 1935).—This is an account of 
Carl Duisberg and his relation to German chemical industry 
(1861-1935), in the inimitable style of Professor Armstrong. 
Since Armstrong was a student in Germany before the War of 
1870, he has a view of the development of German chemistry 
which is unusual. 

Duisberg had his chemical training under Jannasch, Hiibner, 
and Geuther, of acetoacetic acid fame. He then went into in- 
dustry in the firm of F. Bayer & Company. His first success 
there was in the development of benzopurpurin, the first really 
effective direct cotton-dyeing dyestuff. He is said also to have 
brought out phenacetine as a result of a stock of paranitrophenol, 
which accumulated as a by-product. Later, the same firm put 
out aspirin, which Duisberg had registered as a trade mark. 

Without question, much of the success of that great industrial 
firm was due to the chemical and organizing abilities of Duisberg. 
Armstrong ends his article as follows: 

“Chemists belong to no nation: the world over they are a 
community; one in spirit, in thought and in method, interde- 
pendent in their work. Eventually they must lead the world, 
as they alone can understand its operations. The service Duis- 
berg rendered was to the common good. All can recognize the 
worth of the man, apart from his nationality; the value of the 
great example he set, apart from his technical service, by the 
exercise of a wide public activity and a wide philanthropy. 


Only by the aid of such men will the world eventually be suf- 
ficiently brought together in harmonious interrelationship.”’ 
F. B. D 


Iron and steel. Sir W.J. LarKe. Nature, 136, Suppl., 19-26 
(1935).—This Friday evening discourse, delivered at the Royal 
Institution on March 22, gives an extremely interesting account 
of the history of iron and steel but it is too long for abstraction. 
The following table lists notable dates in the iron and steel 
industry. 


Payne and Hanbury produced tin sheets, Pontypool 1728 
Abraham Darby first used coke in blast furnace 1735 
Huntsman produced crucible steel 1740 
Smeeton invented blowing cylinder 1760 
Watt improved steam engine 1769 
Cort grooved rolling mill 1783 
Cort puddling furnace 1784 

1815 


Stevenson’s locomotive 
Stockton Railway 1825 
Neilson invented hot blast 1828 


Nasmyth steam hammer 1838 
Nasmyth pile driver 1843 
Bessemer process 1855 
Siemens open-hearth steel furnace 1864-67 
Thomas-Gilchrist basic process 1877-79 
F. B.D. 


SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES: TABULATIONS OF SCIENTIFIC DATA 


Atoms in action. IV. Fingerprints of atoms. W. T. SKILLING. 
Sch. Sci. Math., 35, 69-75 (Jan., 1935).—The ninety-two atoms 
which are distributed more or less abundantly in earth and sun 
and stars all have characteristic ways of recording their presence. 
During the latter half of the last century, the spectrum became a 
powerful ally of chemistry and astronomy. To Gustav Kirchoff 
we owe the first clear and comprehensive statement of the rules 
by which spectra are to be interpreted. Solids and liquids hot 
enough to be luminous give a continuous spectrum devoid of any 
lines either bright or dark crossing it. But if solid iron can be 
changed into gaseous form, it gives a spectrum of many hundreds 
of lines. Sodium gives two lines under a powerful spectroscope. 
Professor Rowland was the first to chart the solar lines in a com- 
prehensive manner, recording the wave-length of each. Re- 
vised tables give the wave-lengths for the astonishing number of 
23,000 lines, and the element producing each line is given for 
more than half of these. In all, about 60 of the 92 elements on 
earth are found to be represented by from one to 3000 lines each 
in the spectrum of the sun. Stars of about the same tempera- 
ture as the sun show indications of the same elements. White- 


hot stars show lines for hydrogen and helium only, as a rule. 
One possibility to account for this might be that these white-hot 
stars consist only of these two elements from which other more 


complex elements might be formed. A more probable theory is 
that elements other than hydrogen and helium are too highly ion- 
ized by the terrific heat of the super-hot stars to give spectral 
lines that reach the earth. An inference from this line of reason- 
ing is that probably all stars are of similar composition. Many 
of the spectral lines are shifted slightly out of place. The -nost 
notable shift of this description is due to motion of the light- 
giving body toward or from the observer, and is known as the 
Doppler shift. The rate of approach or recession from the 
astronomer’s plate is recorded, therefore, along with the record 
of the spectra of the atoms in the stars. So like a detective 
matching fingerprints with those of unknown origin, the astron- 
omer matches spectra. . wh. G. 
Progress in the preparation and applications of fluorine com- 
pounds. W. Lance. Chem.-Zig., 59, 393-5 (May 15, 1935).— 
A review dealing with the preparation of fluorine, the action of 
fluorine on hydrogen, fluorine-yielding compounds, oxygen 
(O.F2, OF), nitrogen fluorides (NH3, NH2F, NHF,), nitrosyl 
fluoride NOF, nitrogen trioxy fluoride NO;F, chlorine fluorides 
(CIF, CIF3), the action of fluorides as accelerators of the crystal- 
lization of silicates, organic fluorides, stable diazonium fluor- 
sulfonates, and uses of fluorine compounds as ee 
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A LABORATORY MANUAL OF GENERAL CHEMISTRY. Walliam 
Foster, Russell Wellman Moore Professor of Chemistry in 
Princeton University, and Hubert Alyea, Assistant Professor of 
Chemistry in Princeton University. Fourth edition. Prince- 
ton University Press, Princeton, N. J., 1935. xvi + 177 pp. 
34 figs. 13.5 X 21.25cm. $2.00. 


This is another excellent laboratory manual. It is designed 
to accompany the senior author’s ‘“‘An Introduction to General 
Chemistry,’ but its content and general arrangement make it 
readily adaptable to use with any standard college text. As 
stated in the preface, ‘‘The best of the exercises of the earlier 
editions of the Manual have been unified into thirty assignments 
and at the same time much new material has been added.”” The 
thirty assignments furnish a good program for the academic year, 
and the additional or ‘Supplementary Exercises,’ covering 
sixty-five pages, offer material for optional assignments, extra 
work for more able students, some elementary qualitative an- 
alysis, and inorganic preparations. 

The thirty assignments are well selected for first-year students. 
The range of topics is broad and the treatment comprehensive. 
Each assignment is divided by sub-titles and numbered para- 
graphs to assist the student in a logical organization of the sub- 
ject. Assignment XI, for example, on ‘‘Chlorine Chemistry,” 
is presented under the subtitles “Preparation of Chlorine,” 
“Properties of Chlorine,” ‘‘Preparation of Hydrogen Chloride,” 
“Properties of Hydrogen Chloride and Hydrochloric Acid,” 
“Determination of Chlorides Present in Water,’ ‘‘Theory,” 
“Procedure,” ‘Outside Work,” and “Exhibits.’”? Quantitative 
exercises are common, as in this assignment where the student is 
introduced to the use of a standard solution and the detection of 
the endpoint by the reaction of K,CrO, as indicator. Each as- 
signment includes under ‘‘Outside Work”’ a list of problems and 
questions for the student and under ‘‘Exhibits’” a number of 
instructive exhibits relating to the general subject to be arranged 
in the laboratory by the instructor. Several of the later assign- 
ments involve studies of important periodic groups of the ele- 
ments. 

Of the thirty-three supplementary exercises the first eighteen 
include some more advanced general exercises, some work with 
organic materials, photochemistry, solubility product, and some 
well-arranged elementary exercises in the groupings and methods 
of qualitative analysis. The last fifteen exercises are chemical 
preparations. 

The book is well made up, the printing is good, and errors are 
few and insignificant. While a goodly number of excellent labora- 
tory manuals are available, this one is sufficiently distinctive to 
justify its appearance, and will doubtless find a field of usefulness 
in many laboratories. W. A. HAMMOND 


ANTIOCH COLLEGE 
YELLOW SPRINGS, OHIO 


AN INTRODUCTION TO THE MODERN THEORY OF VALENCY. J. C. 
Speakman, M.Sc., Ph.D., Lecturer in Chemistry at the Uni- 
versity of Sheffield. Longmans, Green & Co., New York City; 
Edward Arnold & Co., London, 1935. vii + 157 pp. 1 fig. 
12 X 18cm. $1.60. 


In the author’s opinion, and also in that of the reviewer, a 
large proportion of the subject matter of this little book should 
be included in the general chemistry course, at least for students 
expecting to study chemistry further. ‘‘Unfortunately,” how- 
ever, “the theory has still not properly impregnated the text- 
books.” Hence “the author has ventured to write this book, 
which is to be regarded as a supplement to existing textbooks. 
The primary aim has been to give to students during the early 
part of their chemical education the background necessary for 
their later and more specialized studies.” 

The author has succeeded admirably in presenting very lucidly 
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the fundamentals and many of the applications of the Lewis 
theory of valence. He evidently has an unusually clear grasp of 
the subject himself and his presentation is such as to be under- 
standable to an interested student who has completed most or all 
of a good general chemistry course. 

There is little to criticize adversely in this book. A few minor 
points may, however, be mentioned: 

A sodium atom does not “have a tendency toward losing an 
electron”’ (p. 12) unless a baby ‘“‘has a tendency toward losing”’ 
a piece of candy he holds because his big brother, arriving on the 
scene, takes it away from him. 

In a crystal of NaF each ion has 6, not 8, near neighbors of the 
other kind (p. 23). 

The O, molecule in its normal state does not contain an or- 
dinary double bond (p. 32). (Teaching a subject such as this 
would be much simpler if there were no exceptions to the usual 
rules, but, alas, it is not so!) 

In the normal state of an isolated carbon atom only two of the 
four valence electrons are paired (p. 37). 

The sharp differentiation between ionic and atomic lattices 
(p. 92) does not exist. [Cf. Huccins, Phys. Rev., 37, 286 (1926) 
and PAULING AND Huccins, Z. Krist., A87, 205 (1934).] The 
crystal-structure evidence favors the view that all gradations 
between “‘electrovalency” and ‘‘covalency”’ are possible. 

The statement is made (p. 130) that Sidgwick in 1923 was the 
first ‘“‘to show how covalency can account for the co-ordination 
complexes.’’ Two previous articles by the reviewer [Science, 55, 
459 (1922) and J. Phys. Chem., 26, 601 (1922)] have apparently 
escaped the author’s notice. 

The representation (p. 134) of ZnSO4-7H:O as [Zn(H2O).]** 
[SO,(H2O)]~~ is not in agreement with what we should expect 
from other crystal structures. In a compound such as this the 
water molecules are probably held by both positive and negative 
ions, bridging between them (e. g., the oxygen of an H.O can be 
held by a Zn** ion and one or both of the hydrogens by one or 
two SO,~~ oxygen atoms). Also, a water molecule in a crystal 
is more likely to bridge between oxygen atoms of different SO,~— 
groups than between two oxygen atoms in the same SOQ,~~ 
group. 

The explanation (p. 137) of the existence of a solid compound 
of the formula (C:Hs)20, CCl, seems very improbable. The re- 
viewer ventures to predict that the chlorine atoms in this struc- 
ture will be found to be much closer to hydrogen atoms of the 
C.H; groups than to oxygens. 

The explanation (p. 148) of the coplanar arrangement of the 
4 covalent bonds around a bivalent Ni, Pd, or Pt atom is a bit 
far-fetched and quite inferior to Pauling’s treatment of the sub- 
ject [J. Am. Chem. Soc., 53, 1367 (1931)]. 

Maurice L. HuGGINsS 


Tue Jouns Hopkins UNIVERSITY 
BALTIMORE, D. 


THE PRINCIPLES OF EXPERIMENTAL AND THEORETICAL ELECTRO- 
cHEMistRyY. Malcolm Dole, Ph.D., Assistant Professor of 
Chemistry, Northwestern University. McGraw-Hill Book 
Company, Inc., New York City, 1935. xiii + 549pp. 14 x 
20.5cm. $5.00. 

This new book contains many topics not usually included in 
texts on electrochemistry. Dielectric constants, molecular rays, 
electrokinetic and electrocapillary phenomena, phase boundary 
and semipermeable membrane potentials are some of the sub- 
jects treated. There are seven chapters dealing with conductance 
and its theoretical interpretation. The thermodynamics of 
concentration cells and potentiometric methods (especially the 
glass electrode) are discussed extensively. The value of the book 
is enhanced by chapters on the Arrhenius dissociation theory and 
on ionic equilibria. There is also a brief discussion of the ““Funda- 
mentals of Thermodynamics.” In this extensive list of subjects, 
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the reviewer was surprised to find but very few pages devoted to 
electro-deposition and no references to the passage of electricity 
through solid salts or gases; critical potentials and positive rays 
are omitted. Even more surprising is the absence of any discus- 
sion of the very important investigations of the conductance of 
solutions by direct-current methods. 

The book is addressed especially to ‘“‘graduate students who 
have. .. had an elementary course in physical chemistry.” It will 
be of value also to chemists of more maturity who are not thor- 
oughly acquainted with recent investigations of the subjects 
discussed. 

While the book is not a laboratory guide and contains few 
details of instruments or laboratory technic, the experimental 
point of view is always dominant. The reader is constantly aware 
that the material presented to him has been withdrawn directly 
from the literature and that much of it is from research still in 
progress. There are many tables of data to illustrate the results 
of experiment and the success or limitations of theory. Numer- 
ous figures illustrate the facts and experimental methods. A 
good index and a table of symbols will be of value to the student 
who must interrupt his reading at intervals. 

Excellent judgment has been exercised in the mathematical 
treatments. The fundamental assumptions underlying various 
theories are explained, the conclusions are stated and discussed. 
Mathematical details, of interest only to the specialist who must 
necessarily work with the original literature, are omitted. The 
points of interest to the general reader stand out, therefore, in 
clear relief. It is possible for an experienced reader to profit 
greatly from a pleasant, rapid reading of the book. 

In a new book as extensive as this some mistakes are to be 
expected. A few, it seems, should be pointed out. On page 83, 
the author expresses his regret that there is no method for the 
determination of the degree of dissociation, a, of strong elec- 
trolytes which is comparable with that of MacInnes and Shedlov- 
sky for weak electrolytes such as acetic acid. The evaluation 
of the concentration term, ¢, occurring in the expression for the 
equivalent conductance of (the ions of) acetic acid depends 
upon a of the acetic acid. Likewise each of the equations for the 
equivalent conductance of the three strong electrolytes, from 
which the acetic acid equation was derived, involves the ion con- 
centration of the respective strong electrolyte. If one of the 
strong electrolytes should prove to be incompletely dissociated 
the whole method would presumably fail and the value of a of the 
acetic acid would be, at best, uncertain. The ion concentra- 
tions in acetic acid solutions have not, therefore, been determined 
more accurately than similar concentrations in solutions of the 
three (involved) strong electrolytes. Another error, probably less 
important, is the use of incomplete units for the equivalent (and 
molal) conductance. 

The author has been careful to remind the reader that the words 
“‘dissociation”’ and “ionization” are not synonymous, and points 
out that dissociation can occur without ionization. Unfortu- 
nately he also maintains that a gaseous molecule like that of 
cesium fluoride is ionized but not dissociated. The reviewer feels 
that such an expansion of the meaning of the word ionization 
would deprive it of much of its value. The reviewer was dis- 
appointed in the chapter on the ‘‘Fundamentals of Thermody- 
namics,” in which well-established conventions are completely 
disregarded. Perhaps little harm will be done for it is likely that 
the majority of readers of the book will have been trained in ther- 
dynamics and will omit this seemingly unnecessary chapter. 

The text, as a whole, is clearly written, thorough, and up to 
date. It deserves to be widely read and will prove both profit- 
able and pleasurable. T. F. Youne 


GEORGE HERBERT JONES LABORATORY 
THE UNIVERSITY OF CHICAGO 


GENERAL CHEMISTRY FOR COLLEGES. Herman T. Briscoe, 
Indiana University. Houghton Mifflin Company, . Boston, 
1935. viii+872pp. 26lfigs. 15.5 X 23.5cm. $3.75. 


This book is designed for students who are starting to study 
chemistry, but the reviewer agrees with the author’s statement 
that it contains enough material so that it may be used by stu- 
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dents who have had one year of chemistry in high school. The 
material is divided into 39 chapters which in turn may be grouped 
as follows in order to give an idea as to where emphasis is placed: 
theory, 12 chapters; non-metals, 11 chapters; metals, 8 chapters; 
organic chemistry, 3 chapters; colloids, solutions, radioactivity, 
1 chapter for each. 

Although oxygen and hydrogen are introduced early in the 
book the major part of the first half of the book is devoted to a 
development of the atomic and molecular theories and applica- 
tions. The historical method is used for the developments. 
Modern beliefs are contrasted with the older views. Atomic 
structure (Bohr theory) is presented early and used throughout 
the book. Compounds are classified as ‘“‘electrovalent” or ‘‘co- 
valent’ and these types are carefully explained. Many of the 
more difficult concepts of chemistry are mentioned early in the 
book and then repeated and expanded in later pages. The 
arrangement of the chapters on descriptive chemistry is some- 
what unusual in that the treatment of the non-metals is inter- 
rupted by the introduction of a chapter dealing with the alkali 
metals. 

The physical make-up of the book is attractive. The illustra- 
tions are clear and interesting. It is printed with good type on 
thin but opaque paper so that the volume is not unduly large 
even though it contains almost 900 pages. Some of the material 
which some teachers will wish to omit is printed in small type. 
Many of the descriptive chapters contain summaries. All of the 
chapters contain thought-provoking questions, and reading refer- 
ences including many references to the JouRNAL OF CHEMICAL 
EDUCATION. 

One may wonder, when reading page 446 about the electrolysis 
of fused sodium hydroxide, why the OH™ ions are discharged 
at the anode only to react at once to form oxygen and water. 

This well written, interesting, and comprehensive text is an 
addition to our list of excellent texts on general chemistry for 
colleges. E. ROGER WASHBURN 


UNIVERSITY OF NEBRASKA 
LINCOLN, NEBRASKA 


INORGANIC COLLOID CHEMISTRY, VoL. II. THE Hyprous 
OxIDES AND HyproxipEs. Harry Boyer Weiser, Professor of 
Chemistry at The Rice Institute. John Wiley & Sons, Inc., 
New York City, 1935. vii+429pp. 70 figs. 15 X 23 cm. 
$4.75. 

The aim of this book is to discuss the methods of preparation, 
properties, and uses of oxides in the colloidal state. It is not 
merely a revision of an earlier book by the same author but has 
been largely rewritten and changed to conform with the latest 
developments. The first chapter is devoted to a general con- 
sideration of the preparation and properties of hydrous oxides 
and gels, and the subject matter of the second chapter is the 
hydrous oxides of iron. The third chapter deals with the hy- 
drous oxides of the aluminum family while the fourth chapter 
has for its subject matter hydrous chromic oxide. In the next 
ten chapters the oxides are taken up as stated in the preface ‘‘in so 
far as practicable, in the order in which they appear in the periodic 
table.” The last four chapters discuss the technical applica- 
tions of the hydrous oxides in mordant dyeing, mineral tanning, 
and water purification. 

The aims of the book have been very well accomplished and a 
wealth of information is presented in a clear manner. The 
amount of material included in the book should make it a valu- 
able reference work, while the literature citations are complete, 
so that one has at hand the starting point for the investigation of 
further details. The chapters devoted to the technical applica- 
tions furnish much material for the teacher who wishes to point 
out the practical applications of colloid chemistry. 

For these reasons the book should be a valuable reference work 
for those interested in teaching the science of chemistry. For the 
student of chemistry it furnishes a very readable and interesting 
study of an important field of colloid chemistry. 

ARTHUR A. VERNON 


RHODE ISLAND STATE COLLEGE 
KINGSTON, RHODE ISLAND 
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NoveMBER, 1935 


MATHEMATICS AND THE QUESTION oF Cosmic MIND (WITH 
OTHER Essays). Cassius Jackson Keyser, Adrain Professor 
Emeritus of Mathematics, Columbia University. Scripta 
Mathematica, Yeshiva College, Amsterdam Avenue and 186th 
Street, New York City, 1935. v + 121 pp. 12.5 X 19 cm. 
$0.75. 


This book, Number Two of the Scripta Mathematica Library, 
consists of six essays, reprinted, with some alterations, from 
articles that have recently appeared in various journals. The 
author discusses the meaning of mathematics and its relation to 
nature and life for ‘‘intellectual non-specialists,” for those ‘‘who 
like to think, not for the multitude of those who are satisfied 
with being merely told.”” To read it understandingly does not 
require a mathematician’s knowledge of mathematics. 

In the first essay, ‘‘The Meaning of Mathematics,” distinc- 
tion is made between the nature of mathematics and the nature 
of mathematical applications. Considering mathematics from 
the viewpoints (1) of an “intellectual enterprise” aimed to estab- 
lish hypothetical propositions, (2) of a ‘‘body of knowledge,” 
and (3) of a “type of thinking,” a comprehensive definition of 
mathematics is reached, based on the concept of a ‘‘hypothetical 
doctrinal function” as developed from the ‘‘type of thinking” 


’ viewpoint. ‘‘An ideal exposition of any branch of mathematics 


always is a well-wrought postulational discourse, a logically 
ordered presentation of both the product or result and the 
processes of postulational thinking.” Considering mathematics 
and science to embrace the whole realm of man’s knowledge, “‘as is 
expressible by propositions,” science for the ‘‘Actual world,’ 
mathematics for the “logically Possible world,” the range of 
possible applications of mathematics coincides with the poten- 
tial scope of science, and this scope embraces all the subject 
matters, material or mental, physical or psychical, organic or 
inorganic, of the Actual World.’’ Mathematics and science are 
differentiated thus, ‘Scientific truth resides in categoricals, 
refers to their content, and admits of no test but observation. 
Mathematical truth resides only in hypotheticals, refers to their 
forms, and owns no test save deduction.” 

In “The Bearings of Mathematics’’ reference is made to a ‘‘cer- 
tain rich manifold of light-giving relations connecting mathe- 
matics with those great human interests and human concerns 
in which there is, properly, no question of establishing mathe- 
matical propositions or of making mathematical applications.” 
The bearings are carried by ‘“‘the relations which tie it as one 
among the cognate expression-Forms of a given Culture to the 
other Forms thereof,’’ such as philosophy, poetry, painting, etc. 
As bearings the author discusses, among others, ideals as con- 
formed to the mathematical concepts of limit, relations, change, 
invariance, logical criticism, infinity. 

The relatively brief “Mathematics and the Question of the 
Cosmic Mind”’ states that since ‘‘the universe has steadily more 
and more revealed itself as being, not a chaos, but a cosmos, as 
being, that is, a realm or locus of humanly discoverable and 
humanly understandable logical relationships, order, and law—we 
may say with almost perfect confidence that our Universe is, 
essentially and ultimately, a realm of Mind.” 

“Mitigating the Tragedy of our Modern Culture”’ defines this 
tragedy as the fact that many individuals ‘‘who by their native 
endowments of intellect were in their youth well qualified for the 
successful pursuit of Science or for that of Mathematics, but who, 
owing to misdirected education or to accidents of fortune or to 
the coercion of unfriendly circumstances or to the competing 
appeals of other interests, have chosen, or have been constrained, 
to devote their energies to other pursuits.—It is these men and 
women who keenly feel the pain of being told in their mature 
years, and of having to believe, that their conceptions of the 
world they inhabit—their conceptions of the essential natures 
and interrelations of Space, Time, Matter, and Mind—are as 
grotesquely crude, inadequate, and false as those of a peasant.” 
The means of mitigating this tragedy is the development of “‘the 
art of so presenting and so expounding scientific and mathe- 
matical ideas, methods, and achievements, together with their 
philosophic implications and spiritual significance, as to engage 
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the interest and reach the understanding of intellectual laymen.’’ 

In the essay ‘‘On the Study of Legal Science’’ the author con- 
tends that law, being a ‘‘variant function of Variables,” can be 
studied by the mathematical method. If law is to be a branch 
of science it must deal with natural phenomena. ‘The science of 
law will consist of categorical propositions setting forth the dis- 
tinctive behavior of the judiciary together, of course, with the 
stimuli calling it forth and the circumstances conditioning it.” 

The concluding essay, ‘‘William Benjamin Smith,” is a eulogy 
of the life and work of the deceased educator. 

Any “intellectual non-specialist’’ in mathematics will be amply 
repaid by reading this entertaining text and obtaining the view- 
point of an authority on ‘‘sheer mathematics.” 

Cuas. G. EICHLIN 


UNIVERSITY OF MARYLAND 
CoLLEGE PARK, MARYLAND 


Poporr’s QUANTITATIVE ANALYSIS. Revised by Murray J. Rice 
and Warren P. Cortelyou, Alfred University. Third edition. 
P. Blakiston’s Son & Co., Inc., Philadelphia, 1935. xxii + 555 
pp. 75figs. 23 X 15cm. $4.00. 


The well-known text on elementary quantitative analysis by 
the late Professor Popoff of the University of Iowa, which some 
years ago passed through two editions, now appears in the third 
edition as a very extensive revision at the hands of two chemistry 
professors at Alfred University. This book was a pioneer origi- 
nally in combining in one volume theory, practice, complete direc- 
tions for laboratory procedure, and problems, and as such paved 
the way for several later texts of similar type. The original pur- 
poses and methods are retained in this revision but much of the 
text has been rewritten and the whole has been rearranged into 
two books. Book I is intended to supply material for an ele- 
mentary course and Book II the material for an advanced course 
which might be called ‘‘Special Topics and Special Methods in 
Analytical Chemistry,” although the instructor has the option of 
using any of this material as he wishes. Within Book I the sub- 
ject matter is divided into sharp classifications: elementary 
theory, rules of computation, dictionaries (the actual term and 
method used) of experimental rules and regulations, of instru- 
ments and apparatus, of reagents and materials, and of unit 
operations, followed by the specific methods. Book II is simi- 
larly divided for advanced material, including besides the usual 
gravimetric and volumetric methods, clear and extensive treat- 
ment of electrodeposition, potentiometric and conductimetric 
analyses, silicate, gas, and iron and steel analyses. 

This book is, therefore, quite complete for the usual one- 
semester, or year courses in quantitative analysis. While the 
material is organized in an unusually clear-cut fashion, the success 
of its use will depend on the genius and foresight exerted by the 
instructor to the end that the average sophomore student will 
not be lost in the wandering between Books I and II. The 
sharply drawn outline structure tends to give to the laboratory 
instructions a “cookbook” flavor, especially since the symbol 0000 
is placed wherever the operation ¢an be suspended to a later 
period. 

It must be concluded that this revision has been consummated 
with great earnestness and effort, judiciously based on an es- 
tablished book and name, but almost uniquely the creation of 
Rice and Cortelyou. The work must compete with excellent 
late texts and others in process of publication. In general the 
choice of material, the modern treatment, and the inclusion in 
one volume of all necessary aspects of the subject, embracing 
even questions and problems, seem adequate. The mechanics 
of the published volume add much to the general merit: a heavy 
washable cover, strong binding, freedom from error, and com- 
mendable typography, especially the use of bold-faced type for 
equations and formulas which causes them to stand out like 
friendly lighthouses to save the student from shipwreck on the 
dark and rock-bound coasts of quantitative analysis. The text 
begins with a well-chosen quotation—not from Aristotle, Liebig, 
or Fresenius, but from Edgar A. Guest. It ends in the last line 
of the index with the words—‘“as areducing agent.’’ As such for 
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careless, inaccurate habits of thinking and action, and for wasted 
opportunity, it may well serve. These authors, like many others 
of us who teach quantitative analysis, believe deeply and sin- 
cerely that herein lies the great message of this branch of chemis- 
try and that the discipline it affords is infinitely more than a 
necessary routine which is to be endured and then thankfully 
dropped. And though the text may depart from perfection in 
many respects, this sincerity of purpose and labor of devotion 
ring true and bring a large measure of distinction. 

GErorGE L. CLARK 


UNIVERSITY OF ILLINOIS 
URBANA, ILL. 


H. W. Stone, Assistant 
Professor of Inorganic Chemistry, and M. S. Dunn, Associate 
Professor of Chemistry, University of California at Los Angeles. 


EXPERIMENTS IN GENERAL CHEMISTRY. 


Second edition. McGraw-Hill Book Company, Inc., New 
York City, 1935. x +285pp. 30figs. 20 X 27cm. $1.60. 


The authors state that this manual, which has been developed 
over a period of twelve years, may be used with any standard 
textbook. They consider the experiments on chemical prin- 
ciples as primarily designed to meet the needs of students major- 
ing in chemistry or allied sciences, and the experiments on the 
application of chemical principles included as especially suited 
to the requirements of students with cultural aims. 

Thirteen of the forty-three assignments involve a simple 
quantitative analysis, and eight a simple qualitative determina- 
tion. The authors believe that such types of experiment foster 
unbiased observation and increase interest in the laboratory 
work. Removable data and problem sheets are used in this 
edition, with the object of eliminating the conventional essay 
type of report without reducing the amount of logical thinking 
required of the student. The problem sheet for each assign- 
ment usually contains from seven to twelve questions to be 
answered. 

The book is divided into seven parts,_as follows: Part I. 
General Experiments—Gas Burner, Glass Working, Properties 
of Substances, Melting Point, Density, Temperature and Change 
of Physical State, Effect of Concentration, Surface, and Tempera- 
ture on Rate of Reaction. Part II. Atomic Theory. Weight 
Relations—Water in a Hydrate, Percentage Composition, Com- 
bining Ratio, Analysis and Formula Determination. Part III. 
Atomic Theory. Volume Relations—Temperature, Pressure, 
and Volume Relations of Gases, Gram Molecular Weight, Gram 
Molecular Volume, Equivalent Weight. Part IV. Solutions— 
Influence of Temperature on Solubility, Fractional Crystalliza- 
tion, Ionization, Acids, Bases, and Salts, Molal and Normal 
Concentrations, Equivalent Weight of an Unknown Acid, Reversi- 
ble Reactions and Equilibria, Indicators, Ionization Constant. 
Part V. Oxidation and Reduction—Electromotive Series, 
Standardization of Potassium Permanganate Solution, Equivalent 
Weight of Unknown Reducing Agent, Chemistry of Iron, Photo- 
chemistry. Part VI. Chemical Principles and Their Practical 
Applications—Grouping of Elements According to Properties, 
Gas Analysis, Fractional Distillation (Petroleum Products), 
Preparation of Ethyl Alcohol, Percentage of Organic Acids in 
Vinegar, Softening Hard Water, Qualitative Analysis of Baking 
Powder, Carbon Dioxide in Baking Powder, Preparation of a 
Selected Nitrogen Compound, Preparation of Potassium Alum 
from Soil, Qualitative Analysis of an Unknown, a Problem of 
Chemical Control or Manufacture. Part VII. Appendix— 
Includes Reference Literature, Reagents and Apparatus, Graphic 
Representation, Laboratory Operations, First Aid. 

With the evident object of stressing chemical principles, the 
authors have omitted most of the conventional experiments deal- 
ing with the properties of the common elements. Duplication of 
material commonly presented by lecture is thereby avoided. 


The students who complete and understand the work included 
in this manual should be unusually well grounded in the funda- 
mental principles of chemistry. 

Directions are terse and clear, and the figures are well drawn 
and clearly labeled. 

The discussion of acids, bases, and salts is on the traditional 
water-solution basis. A more general treatment should be an 
improvement. LoTHROP SMITH 


STATE UNIVERSITY OF IowA 
Towa City, Iowa 





A CourRsE IN INORGANIC PREPARATIONS. William Edwards 
Henderson, Professor of Inorganic Cheniistry, The Ohio State 
University, and W. Conard Fernelius, Assistant Professor of 
Inorganic Chemistry, The Ohio State University. McGraw- 
Hill Book Company, Inc., New York City, 1935. xviii + 188 
pp. 24figs. 14X 21cm. $2.50. 


This course of 116 exercises may constitute a part of the ad- 
vanced work of the college course or may be undertaken upon 
entrance to graduate work. In selecting the exercises, all un- 
usual and costly apparatus has been avoided. The material is 
organized around definite methods of procedure, and the exercises 
illustrate various types of substances. The steps are amplified 
by a discussion of principles. The authors state that the material 
presented has been in process of growth with many classes and 
over a period of a good many years. 

The manual is divided into three parts: 

Part I includes preparations illustrating general methods of 
manipulation. This is divided into eight subdivisions, namely: 
crystallization; preparation of hydrated crystals; protection 
from the action of the air; double decomposition; distillation; 
sublimation; furnace methods; electrolytic processes. 

Part II is devoted to preparations illustrating types of com- 
pounds, such as binary and intermetallic compounds, various 
kinds of salts, acids, dissociable compounds, etc. The action of 
water and of ammonia upon metallic salts, chlorides of the oxygen 
acids, aluminothermic reduction, electrochemical replacement, 
transition points in salts, and metallo-organic compounds are 
also included. 

Part III takes up the colloidal state of matter and includes 
exercises designed to illustrate the following: modes of prepar- 
ing colloids; dialysis tests for colloids; gels; rhythmic bands; 
crystal growth in gels; emulsions. 

As stated by the authors, the object in undertaking such a 
series of preparations is twofold: (1) the acquisition of a certain 
degree of skill in dealing with the difficulties that are encountered 
in the process of making pure compounds; and (2) the extension 
and classification of information regarding types of compounds, 
acquaintance with the methods available in their preparation, 
and acquaintance with their chief reactions. This should in- 
clude familiarity with the colloidal state of matter which any 
material may assume. 

It is the opinion of the reviewer that the authors have accom- 
plished well what they set out todo. The exercises are clear and 
concise, the material is comprehensive, and there are adequate 
references at the end of each exercise. While the book is com- 
pact, it is not a recipe book, for the subject matter is logically 
arranged, and the fundamental principles of chemistry are 
thoroughly illustrated. 

“‘A Course in Inorganic Preparations” should meet with a 
cordial reception. The authors and the publishers are to be 
congratulated upon the excellence of the manual which they 
have provided for students of chemistry. WILLIAM FOSTER 


PRINCETON UNIVERSITY 
PRINCETON, NEW JERSEY 
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NICOLAS LE FEVRE (1600-69) 


Received his first instruction in chemistry and pharmacy from 
his father—he then studied at the University of Sedan. Vallot, 


first physician to Louis XIV, appointed him demonstrator of 


chemistry at the Jardin du Roi. Here John Evelyn, the diarist, 
and Sir Kenelm Digby attended his lectures. In 1660, he be- 
came professor of chemistry and apothecary in ordinary to 
Charles IJ in London. Pepys beheld with wonder his laboratory 
in St. James Palace. 

“Le Févre was an able chemist and a lucid, learned, and ac- 


curate author; who devoted himself especially to the advance- 
ment of ‘chemical pharmacy.’ ” 

An English translation of his ‘“Traité de la Chymie’, by P. C. 
D. esq., one of the gentlemen of the privy chamber, which was 
dedicated to King Charles II, appeared in London in 1664. Ger- 
man and Latin editions were also published. Le Févre trans- 
lated into French Sir Thomas Browne’s “Religio Medici” (The 


Hague 1688). ' 
(Contributed by F. B. Dains.) 
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NFINISHED BUSINESS. In a very courteous and friendly letter, 
Williams Haynes, publisher of Chemical Industries, calls our attention 
to the fact that our November editorial ignores the vital point of 

their editorial on the attitude of a portion of the teaching profession toward 
chemical industry. ‘‘Many teachers of chemistry,’’ he writes, ‘“‘are too 
prone to give their students the impression that industrial work is less worthy 
than research in pure science or teaching. In so doing, and I am certain 
that this is being done, they are rendering a very great disservice, not only 
to the industry but also to their students, the vast majority of whom must 
go into industrial employment. The cure of this condition, it seems to me, 
is a job which is distinctly up to the chemical industrialists, themselves. .... 

In looking back over our own student career, which extended through more 
than the average number of years, we do not recall ever having heard a 
teacher intentionally belittle industrial work. Yet, undehiably, the general 
academic atmosphere (which is often more potent in influence than direct 
precept) has been, as we have known it, well calculated to glorify academic or 
research occupation at the expense of industrial employment. If to the 
effects of such an atmosphere, created for the most part without conscious 
intention, certain faculties or individual teachers add ill-considered overt 
suggestions (and no doubt some do) it is small wonder that many chemical 
graduates enter industry with a mind-set that makes them hard to tolerate. 
Moreover, such a graduate himself suffers, for unless he can speedily readjust 
his ideas, it is impossible for him to develop the sense of professional self- 
respect and the pride and satisfaction in his work that are necessary to 
genuine success in any field. 

Mr. Haynes very agreeably lays much of the responsibility for the present 
state of affairs upon the broad shoulders of industry, and suggests that the 
industrialists might well take the initiative in seeking the codperation with 
teachers which may lead toaremedy. On the whole we hope that industrial- 
ists in general may see it that way. Presuming to speak for the teachers, 
however, we are not at all sure that a little soul-searching and a few stirrings 
of initiative among the academic groves would be altogether amiss. 

There are teachers, as there are practitioners of every trade and art, who 
have fallen into their present occupation chiefly through accidents of circum- 
stance. For the most part, however, teachers (and ‘‘pure’’ research workers, 
as well) are what they are through conscious determination, and they have 
made their choice because the work they undertook seemed to them both 
agreeable and important, even though it might be moderately or poorly paid. 
Most of them, being human, have, in the course of time, supplemented a 
proper original professional pride with that tendency to magnify the im- 
portance of their own pursuits and interests which is almost universal. 

Up to a certain point this attitude is not only natural but highly desirable. 
Within proper limits it is but an evidence of high morale, mental health, and 
a normal functioning of the glands. God help both industry and education 
if faculties ever begin to develop a mass inferiority complex. Nevertheless 
we do well to remind ourselves occasionally that a wholesome egoism, un- 
checked, develops into obnoxious egotism or unwholesome egomania. No 
man can enhance the importance of his own work by belittling that of an- 
other; if he is really as important as he would like to feel it will never occur 
to him to try. Moreover, a man should be able to recognize that the most 
important job in the world for him is not necessarily the most important job 
in the world. Otherwise he is, intellectually speaking, hopelessly provincial. 
Finally, it is good to be so well satisfied with one’s own job that one would 
not exchange it for another’s, but it betrays lack of social intelligence, if not 
actual deficiency in courtesy, to express one’s preference too frequently or too 
vociferously. 

In common justice, the teacher and the “‘pure’’ research worker should 
remember also that they are, with few exceptions, enabled to engage in the 
pursuits of their choice by private and public subsidy. Higher education 
simply cannot be sold on anything remotely approaching the present scale for 
what it costs; ‘‘pure’’ research seldom pays direct cash dividends. If sub- 
sidies were not available only the leisured class could afford to teach or to 
carry on “pure’’ research. It is, of course, true that over a long-time period 
society as a whole is repaid these subsidies with good interest in the media of 
improved living conditions and increased per capita wealth. If that were not 
true teachers and research workers would have no more moral right than 
other hobbyists (say stamp-collectors) to expect subsidy, and they would 
have no more persuasive appeal to offer when they went in search of funds. 
The fact that they can offer such an appeal they owe to the industrialists. If 
industries did not absorb chemical graduates and if they did not translate the 
findings of ‘‘pure’’ research (together with considerable research of their own) 
into terms of new, improved, and cheaper commodities, society would soon 
leave chemical education and ‘“‘pure’’ chemical research to shift for them- 
selves. It ill befits the bright young college lad to sneer at the sober, indus- 
trious parent who pays his way for him. 

Incidentally, some teachers might be rather surprised to learn that a 
supercilious attitude toward industry on their part gives considerable aid 
and comfort to communistically inclined groups which have sprung up on 
many campuses, particularly during the depression years. We are not deny- 
ing the moral right of the teacher to entertain any sort of politico-economic 
opinion that seems good and reasonable to him, or even to exert his personal 
influence in any manner which his conscience and the terms of his contract 
do not forbid. There is, however, a fine irony in the spectacle of a gentle- 
man of highly orthodox views unwittingly disseminating communistic propa- 
ganda. 

As regards the attitude of the worker in ‘“‘pure’’ research toward the worker 
in industry, we must confess that we have sometimes thought we detected a 
trace of intellectual snobbishness. This seems to us altogether as unwar- 
ranted as the sense of inferiority which seems to oppress some industrial men. 
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Some ‘‘pure’’ research workers seem to imagine that the industries merely 
beat into omelets the eggs which they lay. Even assuming that this were 
true, it seems to us that a good chef may put quite as much creative intelli- 
gence into an omelet as does a hen. But the industrial man often does a 
great deal of original research of his own, and he sometimes does it under 
necessary economic restrictions that make industrial research compare to 
“‘pure”’ research as the writing of good poetry compares to the writing of 
straightforward prose. In our opinion Hall and Heroult displayed just as 
much intelligence (and considerably more ingenuity) when they reduced 
alumina electrolytically as did Oersted and Woéhler when they converted it 
to the chloride and reduced it with potassium metal. 

_On the whole, however, we do not believe that all the young graduate’s 
difficulties in adjusting himself to industrial employment are directly at- 
tributable either to the academic atmosphere he has breathed or to sugges- 
tions from his teachers and academic associates. It is, of course, extremely 
difficult to generalize with any accuracy about either academic or industrial 
employment. In order to keep our discussion within the bounds of some 
sort of uniformity let us compare the conditions that sometimes confront a 
young Ph.D. entering upon industrial employment with those encountered 
by his brother beginning an academic career. It may be that some of the 
points we shall touch upon arise out of conditions inherent in the nature of 
things; frankly, we are not in most cases competent to judge. We shall, 
therefore, content ourselves with recording a few observations made from a 
more or less academic point of view; if any of these observations suggest 
feasible improvements, well and good. 

Temperaments differ, and so of course do conditions of employment, but 
we believe that, except for the matter of salary, the average novice university 
instructor finds his lot much more agreeable than does the average Ph.D. 
just entering industry. This might be regarded as utterly irrelevant were it 
not for the fact that many of the features which tend to make academic life 
agreeable also tend to enhance the morale of the employee, to create in hima 
sense of the importance of his job, a determination to perform creditably in 
it, and a feeling of personal responsibility and loyalty toward his own work 
and his institutional employer. 

The young instructor is a minor and inconspicuous, but nevertheless an 
accepted, member of the academic brotherhood. his personality is 
reasonably good he can usually count upon being treated by his associates 
and superiors with genuine courtesy and kindness. The young Ph.D. just 
entering industry, however, sometimes finds it taken for granted that he is a 
fresh young pup who will need to have a lot of conceit hazed out of him be- 
fore he can be permitted the ordinary privileges of a human being. Some- 
times he is just that, but often he is a little hurt and bewildered and won- 
ders what he has done to get off to such a bad start. 

The young instructor is, of course, expected to meet classes promptly, but 
aside from that he is usually credited with enough intelligence and sense of 
responsibilty to budget his own time efficiently. Naturally, such free-and- 
easy ways cannot be adopted in industry. Nevertheless, it does affront a 
chemist’s self-esteem to have to punch a time-clock, and he inwardly revolts 
at the necessity of making busy motions merely because he cannot start a 
two-hour job an hour and a half before quitting time and stay long enough 
to see it through. - In course of time he accepts the clock and learns to plan 
his day so that he can finish off with tasks that may be dropped at any point; 
he could probably readjust himself more quickly to industrial routine if the 
reasons for some of the requirements and regulations which at first appear 
arbitrary to him were explained. 

The young instructor is not only permitted but encouraged to publish. 
He may devote such portions of his working day as are not taken up by his 
specified duties to more or less independent research, and his laboratory and 
library are usually open to him evenings, Sundays, and holidays if he cares to 
make use of them; he can usually obtain leave of absence to attend scientific 
meetings. Practices vary widely in industry and there is often the temporary 
necessity that work in progress remain confidential. Some laboratories, 
however, do not encourage their men to publish, many will not grant even 
occasional leaves for meetings, and some go so far as to prohibit publication 
flatly and to forbid their chemists to discuss with other chemists any work, 
past or in progress. 

The young instructor, if he serves his apprenticeship satisfactorily and at- 
tains professorial rank, can usually look forward to reasonable security of 
tenure. He may take drastic cuts in pay during bad times, but he has fair 
assurance of the continuity of his work. As arule he need fear neither total 
cessation of income nor the setback that comes from having to begin all over 
again, possibly in a new line of work and after a prolonged period of idleness. 

The desirable features of academic work, as we have outlined them, are not 
universal; they may, however, be considered fairly representative. Working 
conditions in some industrial firms approximate academic conditions and 
make up whatever they may lack in the way of greater income. The reports 
that come to us indicate, nevertheless, that many firms may well consider 
what they can afford to do in the way of building up the professional pride of 
their chemists through the provision of more agreeable working conditions. 





The cover picture is reproduced from an old cut once employed in the adver- 
tising of Emil Greiner. It probably represents one of the earliest X-ray sets 
manufactured and sold in this country. An interesting account of the early 
development of the industry is given by an eyewitness, F. Kraissl, Sr., in the 
article beginning on the opposite page. 
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The EVOLUTION of the X-RAY TUBE 


F. KRAISSL, SR. 


501 Fifth Avenue, New York City 


At the close of a previous article* outlining the history 
of the American chemical glassware industry the writer 
expressed the hope that further articles detailing the 
development of various special lines of the apparatus 
industry might prove generally welcome. In view of 
the fact that this year marks the 40th anniversary of 
Rontgen’s discovery of X-rays, an historical note on 
the development and manufacture of X-ray tubes 
seems especially appropriate at this time. The writer 
is encouraged by his recollections of his close associa- 
tion with the earliest commercial production of X-ray 
tubes in this country to offer such a note. 

In his earliest publications on his famous discovery 
Professor Réntgen stated that the excitation of a 
Hittorf, Lenard, Crookes, or similar vacuum tube by 
means of a large Ruhmkorff coil produced radiations 





FIGURE 1 FIGURE 2 


capable of causing considerable fluorescence of a distant 
screen of paper impregnated with barium platino- 
cyanide. To these radiations he gave the name X- 
rays, which, therefore, should be authentic, although 
many prefer to honor the modest discoverer by designat- 
ing them as Réntgen rays. 

When the first reports of Réntgen’s work reached 





* Kraiss_, ‘‘A history of the chemical apparatus industry,” 
J. Cuem. Epuc., 10, 519-23 (Sept., 1933). 
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this country the writer was associated with the late 
Emil Greiner, who at that time operated a glass ap- 
paratus shop in New York City and who was one of the 
the best glassblowers of his day. Although neither 
sketches, samples, nor detailed descriptions of Réntgen’s 
tubes were available, the writer suggested a design 
similar to that illustrated in Figure 1. Mr. Greiner, 
himself, blew the tube, using small, flat aluminum 
discs with platinum-wire leads for the electrodes. 














FIGURE 3 


When the tube was finished we proceeded to evacuate 
it by means of a simple pump of the Sprengel type 
(Figure 2). When we judged that a sufficient degree 
of evacuation had been attained, the tube was sealed 
off and connected to a small Ruhmkorff coil operated 
by dry batteries (the only one available in the shop). 
The visible phenomenon observed was a bluish lumines- 
cence similar to that produced by a Geissler tube. 
Since we had no fluorescent screen ready to hand, 
we placed some small metallic objects on top of a 
loaded photographic plate-holder and made a short 
exposure. Upon development the plate revealed faint 
outlines of the objects we had laid upon its cover, as- 
suring us that we had succeeded in producing some 
X-rays at least. 

However, the effect was not sufficiently strong to 
satisfy us, and we decided to investigate the effect of 
higher tube evacuation. This time, guided more by 
instinct than by information, we heated the tube in the 
hope of facilitating the removal of occluded air. Ap- 
parently this expedient had the desired effect, for in a 
second trial with our Ruhmkorff coil we obtained 
practically no luminescence at all aside from an oc- 
casional greenish flicker. This suggested to us that 
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highly evacuated a tube. 





a more powerful coil might be necessary to operate so 
A friend of Mr. Greiner, a 
Mr. Splitdorf, who made such coils, supplied the 
largest he had on hand and our hopes were realized. 
This time the former greenish flicker was replaced by a 


steady greenish glow and the writer mad 
test exposure by placing his hand upon 
the plate-holder. The developed plate 


outline of the hand, with the bone structure clearly 
discernible. 
Little, if any, trace of these first experiments, per- 
formed in December, 1895, remains, save in the writer’s 
memory. Early in 1896, however, it was generally 
known in this country that we had constructed suc- 
cessful X-ray tubes and everyone interested in the 
newly discovered phenomenon came to see us. 
gestions with regard to shape of the tubes, electrodes, 
and methods of evacuation were offered by various 
experimenters, among them Tesla, Thomson, Brackett, 


Goodspeed and many others. 


The first real help in the speedy production of tubes 
was the invention of the fluoroscope which made pos- 
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sible convenient testing of a tube without detachment 
from the vacuum line. 
judged by the clarity with which the bones of the hand 
could be seen upon the fluoroscopic screen. 
writer had many such tests to make (see Figure 3). 
The X-ray had immediately captured the fancy of 
the press and was even a favorite topic in the comic 
papers.- Commercial amusement exploiters seized their 
opportunity. One of the first quantity users of 


The efficiency of the tube was 


The 


Greiner’s X-ray tubes was a firm which contrived a 


Sug- 


nickel-in-the-slot machine to introduce the wonders of 
the X-ray to the general public. 
of a cabinet containing a battery, Ruhmkorff coil, 
X-ray tube and fluoroscope, and, of course, a coin- 
actuated switch. The peep-show addict got a momen- 
tary view of the bones in his hand for his nickel in- 
vestment, and the machines did a thriving business. 
Incidentally, as the tubes had to be of definite di- 
mensions in order to fit into the cabinet, and as they 


The device consisted 


were made up in lots of several dozen at a time, their 








X Ray Apparatus 


OF ALL KINDS. 





(1) RUHMKORFF COILS. (Immersed in oil ;—the 
highest insurance of insulativn.) 
(2) HOLTZ MACHINES. (Latest type. Efficient, 
portable, ) 
(e)) HIGH FREQUENCY SETS. (For alternating 
currents Designed by Prof. Elibe 
Thomson.) 
(4) CROOKES TUBES. 
(2) Double-focussing (Thomsoa Universal), 
(4) Single-focussing. 





re 


redid woth imple mesa of adjusting the vorwom, 
4s) FLUOROSCOPES, (Approved patterns, vari- 


Oless-biowing done to Order. 


ROENTGEN OUTFIT. 


Photographing Invisible Objects. 





ous sizes.) 


(6) FLUORESCENCE SCREENS. (Even disti- 


bution, various sizes ) 


<7) CALCIUM TUNGSTATE. (Fine crystals, 


chemically pure.) 





EDISON DECORATIVE & MINIATURE LAMP DEPT. 
Sussex and Fifth Streets. 
HARRISON, N. J. « 


BEACON LAMP CO., 


AATTRACTCRERS OF 


Hicur-r Grave 
Incandescent 


Lamps, 


Ranging from § to 300 c. p. 


Unexcelled X-Ray Tubes. 















Atso, a rute Life oF 


EVERY TUBE 


GQUARANTEEDN 


SPECIAL TUBES AND Lamps To ORDER. 


Per Prices end Otecounts write 


BEACON LAMP CO.) in, cttrn, Si, Sason, Mam, 





S 26-11% 


EMIL GREINER, 


446, 148 William St., 


New York City, 


MANUFACTURER 





© HHAN AMY OTHER. 
Fivoroscopes and Fluorescent Safe. 


EIMER & AMEND, situa uiecntiitis, 
205, 207, 209, 211 Third Avenue, New York. 











production was the first step toward the systematic 
manufacture of X-ray tubes. 


It was natural that the manufac- 
turers of incandescent lamps, then 
engaged in a comparatively new in- 
dustry, should also take up the pro- 
duction of X-ray tubes. The work 
was right in their line and their 
equipment was well adapted to it. 
In Thomson’s book on X-rays, pub- 
lished in 1896, the advertisements 
of several such firms appeared, 
along with that of Emil Greiner 
(Figure 4). The Greiner cut in Fig- 
ure 4 shows one of the demonstra- 
tion outfits advertised in his first 
X-ray circular early in 1896. Ap- 
parently there are now no copies 
of that early advertisement extant, 
but reference is made to it in a larger 
pamphlet issued in 1897 (see facsimile 
pages, Figures 5 and 6). 

Of course it soon became neces- 
sary, in order to supply the demand 
for X-ray tubes, to adopt evacuating 
pumps similar to those used by the 
incandescent lamp manufacturers and 
to place the work on a quantity 
production basis. These pumps were 
of the so-called Geissler type and 
were later improved by the addition 
of a mechanical device for raising 
the mercury (Figure 7). They were 
fitted with manifolds attached to the 
pumps by means of ground-glass 
joints, so that several tubes could be 
evacuated simultaneously. 

The firm of Emil Greiner was es- 
sentially a custom shop in which 
special physical and chemical appa- 
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ratus was constructed to order and, as other manufac- 
turers entered the X-ray field later in 1896 and early in 
1897, no particular effort was made to expand the X-ray 
tube production, although we continued to produce 
tubes for our regular customers. 

Since there have been conflicting claims for the 
distinction of the first commercial X-ray tube produc- 
tion in this country, the writer has searched the trade 
literature with particular pains. The first advertise- 
ment of commercial X-ray tubes which he has been 
able to discover appeared in the Electrical Review for 
June, 1896, when the firm of Emil Greiner was already 
in full production. It is the writer’s opinion, based on 
the evidence available, that Emil Greiner was in fact 
the pioneer in this field in America. The writer doubts 
the existence of documentary evidence that any rival 
claimant made and sold an X-ray tube in this country 
as early as December, 1895, or January, 1896. 

Since Réntgen was professor in the University of 
Wiirzburg, Germany, it was quite natural that the 
apparatus makers of that country were among the 
first to produce X-ray tubes for export. Many such 
tubes came to this country but in a short time American 


Vacuum Tubes. 
» 


INCE the issue of the first cirular, describing X-Ray apparatus, 
many changes, improvements and additions have been made, 
and the requirements of an X-Ray plant are now considerably 

greater than they were a year ago, and manufacturers of such 
apparatus are doing their best to meet all the demands of those 
interested by constantly improving the quality of their coils, static 
machines, fluorescent screens, etc., etc. 

For my part I have made the manufacture of the Vacuum or 
so-called Crooke’s Tubes a special study, and I think every one 
interested will agree with my statement that a reliable tube is the 
most important factor in successful work. 

After a considerable time spent in experimenting, 1 have suc- 
ceeded in making a tube for which I can justly claim that it will 
give the least trouble of any at present in the market, which fact 
is attested by numerous letters of some of our most eminent experi- 
menters and surgeons. 

There are different reasons why a tube will not always work 
satisfactorily, and the most important seems to be the varying 
resistance caused by slight changes in the Vacuum. Numerous sug- 
gestions and devices are constantly tried to regulate this defect, but 
so far they have not attained very permanent results. The tubes of 
my make, however, which are of the focus type, as shown in cut, 
owe their efficiency and long life principally to the excellent quality 
of the material used in their manufacture, to the correct size of the 
electrodes and their perfect shape, and last, but not least, to their 
most careful exhaustion, which is done under my special supervision. 
For such, as desire a tube, in which the Vacuum can be reduced 
if necessary, I have, designed a tube, which has attached a bulb 
with a 3rd electrode, and by connecting the aluminum disc and the 
3rd electrode only, and reversing the current or by slightly heating 
the attached bulb, the Vacuum is lowered in very short time. Tubes 
in which the Vacuum has become too low can be re-exhausted, 
provided they are in good condition otherwise, and if sent to me, 
charges should be prepaid. ‘ 


©) 
FIGURE 5 
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manufacturers were able to produce equally good tubes 
for about the same price. Importation decreased con- 
siderably, but not the importation of the necessary 
glass bulbs. Some of the American lamp manufacturers 
used lead-glass bulbs for the production of X-ray tubes 
but these were soon found to be less satisfactory than 
the German tubes which were made from a soda- 
lime glass; therefore, large quantities of German bulbs 
made from the special soda-lime glass had to be im- 
ported. These bulbs varied in diameter from three to 
ten inches, the size most suitable for general purposes 
being the six-inch. The finished X-ray tube was simi- 
lar to that shown in Figure 8 and was considered the 
standard tube for many years. 

Numerous modifications were introduced, two of the 
principal ones being a third electrode and an attach- 
ment for regulating the vacuum (see Figure 9). How- 
ever, up to about 1910 the general appearance of X-ray 
tubes was similar to that illustrated. The electrodes 


I usually carry in stock 3 sizes; the large ones are particularly 
adapted to difficult surgical work requiring a coil, giving at least 
6” spark, for smaller work a medium tube for a coil of 4” to 6” spark 
will be found sufficient, and the small tubes will light up the 
fluorescent screen with a 2” spark, and give good results with 4” of 
spark, I also make to order Vacuum Tubes according to special de- 
signs particularly for large and powerful induction coils, and solicit 
drawings for estimates on such work. The double focus tubes, as per 
cut shown below, are used principally on Tesla Coils where only the 
two concave aluminum discs are connected to the apparatus, and the 
double platinum disc in the middle left detached; however, when used 
with ordinary induction coils, they are to be connected according to 
directions given in the circular sent with each tube. At this point I 
take the opportunity to mention that some manufacturers claim to 
own patent rights on certain forms of Vacuum Tubes, but without 
wishing to discuss details, I will state briefly, that Vacuum Tubes 
of many different shapes, various degrees of exhaustion, and manifold 
designs as to the shape, material, and number: of electrodes, have 
been made for many years past, and the principles underlying the 
manufacture and forms of Vacuum Tubes have been so long ex- 
perimented upon by scientists, that the right of any manufacturer to 
claim a royalty on Vacuum Tubes is rather doubtful. 

When ordering Vacuum Tubes, the mentioning of style and make 
of coil or static machine used, also length of spark, is very desirable, 
as 1 will be better able to select suitable tubes. 

The prices of the Single Focus Tubes are: 





$6.00 $8.00 __ $10.00 


Small, Medium, Large. 
Double Focus: 














$10.00 $15.00 
Regular, Large 
Single Focus with Auxiliary Bulb and 3d Electrode : 
$10.00 $15.00 
Regular, Large. 
G) 
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were usually concave aluminum discs and flat platinum 
plates, generally attached to platinum wires sealed into 
the glass. When American glass manufacturers were 
able to produce bulbs from a satisfactory soda-lime 
glass the importation of the glass bulbs ceased also. 

During these early years evacuation was accomplished 
by means of the various types of Sprengel, Geissler, and 
Toepler pumps which were modified in many ways. 
One such modification by the late Professor Boltwood 
may be cited as an example and is illustrated in Figures 
10 and 11. 

In the meantime, the pro- 
duction of incandescent 
lamps was increasing to such 
an extent that speedier 
evacuation became impor- 
tant and rotary pumps made 
their appearance. Among 
the first models was the 
so-called Gaede pump which 
had a porcelain housing and 
porcelain displacement vanes. 
To the pumphead were at 
tached steel intake and out- 
let tubes ground to a taper 
to make an air-tight junc- 
tion with a corresponding | 
ground-glass taper to which } 
the bulbs or tubes to be |)9pP 
evacuated were sealed. These ‘| 
pumps ran in mercury and jijii | ~ 
could be operated by hand |) ; ; 
or by. a small electric motor | jj} |‘: 
belted to the flywheel (see |/ipP |) 
Figure 12). However, this | ae 
type of pump was soon re- 
placed by one made of metal 
with the  displacemen 
mechanism running in oil. 
(Figure 13 shows one of ff] 
the earliest types.) These Mi 
rotary pumps worked 
much faster, needed less at- 
tention and, of course, were 
less fragile than the glass 
mercury pumps which they superseded almost entirely 
in the production of incandescent lamps as well as 
X-ray tubes. 

Among the early manufacturers of X-ray tubes, who 
first used German glass bulbs and later bulbs blown 
in this country, were Swett & Lewis, Macalaster & 
Wiggin, Green & Bauer, E. Machlett & Son, Queen & 
Co., Victor X-Ray, as well as some individual glass- 
blowers. But the production of X-ray tubes based on 
scientific research did not develop until about 1910 
when Dr. W. D. Coolidge, of the Research Laboratory 
of the General Electric Co., announced a method of 
producing ductile tungsten. This material, owing to 
its high melting point and lower cost, largely displaced 
platinum for use in targets and resulted in various 



































FIGURE 7 
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changes in the form and arrangement of the electrodes 
as well as in the methods of evacuation. As the 
General Electric Research Laboratory, under the 
direction of W. Whitney and with the able assistance 
of Messrs. Coolidge and Langmuir, entered this field, 
further development in the production of X-ray tubes 
advanced from the hit-or-miss stage to more scientific 
methods. 

Most of this work is described in its successive stages 
in the various journals devoted to radiology which, by 
that time, had become a special field of scientific as 
well as technical development. It is, therefore, un- 
necessary to go into various details which are now a 
matter of common knowledge, and which are covered 
in the catalogs of the present principal producers of 
X-ray tubes and apparatus for their application. 
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SHOWING A MODERN X-RAY TUBE MOUNTED ON A CARRIAGE TO CooLIDGE TUBE, AIRCOOLED FOR USE WITH PORTABLE 


SWING OVER THE TABLE FOR HORIZONTAL EXPOSURES X-RAY OUTFIT 
General Eleciric X-ray Corporation 
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However, the latest, and perhaps the most important 
improvement, in the production of X-ray tubes came 
about when borosilicate glasses of the Pyrex brand were 
substituted for soda-lime glasses. This change was a 
natural consequence of the development of modern 
high-voltage apparatus which must operate under very 
severe thermal conditions. Fate has placed the writer, 
who worked forty years ago on the first X-ray tubes in 
this country, on the staff of the Corning Glass Works 
where the bulbs used for the production of the present 
X-ray tubes are blown. 

The physical characteristics of Pyrex brand glassware, 
and especially its high resistance to thermal shock (due 
to the low expansion coefficient of this type of glass), 
have likewise made possible considerable improve- 
ment in the technic of evacuating X-ray tubes through 
the use of the so-called mercury diffusion pumps which 
are also made of Pyrex brand glass. Since pictures can 
tell more than words, a comparison between the old mer- 
cury fall or lift pumps and the present mercury vapor 
pump, operated in conjunction with an efficient rotary 
oil pump, will give a better idea of the crude methods 
by which the old-timers had to work until scientific 
research showed the way to better results and more 
efficient operation. 

The apparatus shown on the cover of THIS JOURNAL 
was probably one of the first outfits sold in this coun- 
try. It would reveal the bones of the hand but was 
not capable of much beyond that. 

The Research Laboratory of the General Electric Co., 
where the development of ductile tungsten by Dr. 
Coolidge, the perfecting of the diffusion pump by Dr. 
Langmuir, as well as numerous other contributions 
to the making of better X-ray tubes were evolved, has 
been an outstanding factor in advancing the X-ray 
apparatus from the status of a novelty to that of one of 
the most important tools of science and industry. 

Today the production of X-ray tubes and apparatus 
rests in the hands of a few important firms who are 
able to maintain the exacting standards set up by the 
research laboratory, and the glassblower who made X- 
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General Electric X-Ray Corporation 


A MoperRN HIGH POWER X-RAY TUBE MADE FROM PyREX BRAND 
GLASSWARE 


ray tubes has been nearly eliminated from that field. 
The modern X-ray tube has to meet many different 
requirements for various purposes, so that even repairs 
on such tubes should be made in the laboratories of the 
manufacturers, where all facilities for final inspection 
and testing are available. 

The past forty years have witnessed many great 
developments due to scientific and technical progress, 
and while the X-ray apparatus may not be a very 
prominent example from the financial point of view, it 
is perhaps one of the most useful for humanity. 





SECTION C (CHEMISTRY), A. A. A. S. 
St. Louis Meeting, December 30, 1935, to January 4, 1936 


The Wednesday afternoon (Jan. Ist) session will be 
held jointly with Section Q (Education) and will be 
devoted to the second of a series of three symposia on 
the general relationships between the science of chem- 
istry and education. The general subject of the sym- 
posium is ‘“The Teaching of Chemistry”; R. A. Baker 
will preside. The names of the six symposium speak- 
ers, and their individual topics, will appear in the 
January number of THIS JOURNAL. 

The Thursday morning and afternoon sessions will 
be devoted to contributed papers. Titles and short 


abstracts of contributed papers intended for this 
meeting should be in the hands of the Secretary of the 
Section, J. H. Simons, Pond Chemical Laboratory, 
State College, Pennsylvania, on or before November 
23rd. 

The Thursday evening session, held jointly with the 
St. Louis Section of the A. C. S., will be the occasion 
of the address of the retiring Vice-president Joel H. 
Hildebrand of The University of California—‘‘Dipole 
Attraction and Hydrogen Bond Formation in Their 


Relation to Solubility.” 
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CHOLANE GROUP 


H. JENSEN 


Laboratory for Endocrine Research, The Johns Hopkins University, School of Medicine, Baltimore, Maryland 


chemical relationships between that group of chemi- 

cal compounds known as the sterols and numerous 
other substances of biological and medical importance, 
namely, the bile acids, ergosterol (the precursor of 
vitamin D), the sex hormones, the carcinogenic agents, 
and certain cardiac stimulants of both plant and animal 
origin. In the pattern of all these compounds, one can 
find the same central structural arrangement, which is 
composed of three 6-carbon rings and one 5-carbon 
ring. Space limitations will not permit a detailed 
‘account of the chemical investigations on the constitu- 
tion of each of the compounds mentioned, and no at- 
tempt is made to give a complete list of the several 
hundred papers dealing with this subject. If the reader 
should desire further information, he may refer to the 
comprehensive discussions of these principles in the 
“Annual Reviews of Biochemistry,” in the ‘“Reviews of 
the English Chemical Society,” and to several papers of 
a more general nature given in the bibliography. The 
present discussion is confined to a general treatment of 
the broader aspects of the subject, pointing out only 
the existing chemical relationships, the details of 
which the reader is at liberty to seek for himself. 


[- IS the purpose of this review to point out the 


CHOLESTEROL 


Cholesterol, C2;H.4sO, a sterol of the animal kingdom, 
is widely distributed in the living organism both in the 
free state and as the ester of various acids. In spite 
of the fact that it is present in nearly every mammalian 
cell and that it constitutes a considerable part of nerv- 
ous tissue, little is known about its physiological func- 
tion in the body. The formula (A) was established 
in 1932 as a result of the researches undertaken 
by Windaus, Wieland, Rosenheim and King, and 
others. 

On complete reduction of cholesterol, which is a 
secondary alcohol containing one double bond, two 
isomeric hydrocarbons, cholestane and coprostane, 
Cy7Hus, are obtained, the isomerism being due to the 
spatial arrangement of the hydrogen at C-5. On 
oxidative cleavage of these hydrocarbons, which takes 
place between C-24 and C-25, acetone is split off from 
the side chain, giving Cz,-acids (B) (J). Cholestane 
gives allocholanic acid and coprostane gives cholanic 
acid; the isomerism of these two acids is again due to 
the spatial arrangement of the hydrogen at C-5 (B). 
Cholanic acid, C24H49O2, can be considered as the parent 
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substance of the various bile acids, which are the main 
constituents of bile, the secretion of the liver in verte- 
brate animals. The bile acids occur in conjugated 
form, 2. e., in a peptide-like linkage with the amino 
acids glycine and taurine, and they are probably derived 
from cholesterol. By lowering surface tension, they 
aid in the emulsification of fats. Another property of 
the bile acids is their influence upon the absorption of 
the fatty acids of the digested fats. The various bile 
acids are hydroxy-derivatives of cholanic acid; 7. e., 
lithocholic acid is 3-hydroxycholanic acid; deoxycholic 
acid is 3,12-dihydroxycholanic acid, and cholic acid is 
3,7,12-trihydroxycholanic acid. These naturally oc- 
curring bile acids can be converted into one and the 
same parent substance, cholanic acid, by two different 
methods: first, oxidation will give the corresponding 
ketones, which on reduction give cholanic acid; sec- 
ond, the hydroxy groups may be eliminated in the form 
of water, giving unsaturated acids, which on reduction 
also give cholanic acid. The cholanic acid thus ob- 
tained by either method is identical with the acid pre- 
pared by oxidation of coprostane, one of the two iso- 
meric reduction products of cholesterol. The chemical 
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* The numbering of the carbon atoms in the different com- 
pounds discussed throughout this review will be the same as 
given for cholesterol, and the reader should refer to formula A. 
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relationship between bile acids and cholesterol is fur- 
ther demonstrated by the conversion of cholanic acid 
into.coprostane (2), as is outlined in the following 
series of reactions. 
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Coprostane, Co7H4s 


The oxidation of the di-isopropylcarbinol obtained by 
the action of the Grignard reagent on cholanic acid can 
take place in two directions: first, the carbinol can be 
oxidized to the corresponding ketone; second, oxida- 
tion can take place between C-23 and C-24, giving an 
acid with 23 carbons, thus eliminating Cy from the 
side-chain. This latter procedure has been employed 
by Wieland and co-workers (3) in determining the na- 
ture of the side-chain in the sterols, and in this way, 
cholanic acid, C2sHO2, can be converted into nor- 
cholanic acid, Cs3H3g02, and allocholanic acid, CosH49Os:, 
into norallocholanic acid, C23H3gs02. The isomerism of 
these two acids is again due to the spatial arrangement 
of the hydrogen at C-5. An acid identical with nor- 
allocholanic acid, C23H3s02, prepared as indicated above, 
can also be obtained from ergosterol through a series of 
reactions, thus showing that ergosterol must contain the 
same ring structure as cholesterol and the bile acids. 


ERGOSTEROL 


In 1926 ergosterol was simultaneously identified by 
Rosenheim and Webster (4) in England, and by Win- 
daus (5) in Germany as the precursor of vitamin D. 
McCollum and his collaborators (6) showed in 1923 
that normal bone formation will not take place in the 
absence of this dietary principle from normal food- 
stuffs. The work of Steenbock and Black (7), in the 
following year, demonstrating that food mixtures which 
will produce rickets in young animals can be endowed 
with protective properties if they are exposed to ultra- 
violet irradiation, initiated the search for the constitu- 
ent responsible for this effect. Vitamin D is present 
in cod-liver oil and in smaller concentrations in such 
foods as butter, milk, and eggs. On irradiation of 
ergosterol a mixture of compounds is obtained possess- 
ing definite antirachitic properties, from which several 
crystalline substances have been isolated, one of which 
[called calciferol by a group of British workers (8) 
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and vitamin D, by Windaus and co-workers (9)] is 
thought to be identical with the aatural vitamin D. 
So far, however, it has not been found possible to iso- 
late this vitamin in crystalline form from a natural 
source and prove its identity with the product obtained 
on irradiation of ergosterol. Indeed, claims have been 
made that the artificial vitamin D from irradiated 
ergosterol and the natural vitamin D from cod-liver oil 
are not identical (43). Bills and his associates have 
reported that the vitamin D in blue-fin tuna-liver oil 
and the vitamin D in cod-liver oil are different sub- 
stances or different mixtures of substances (44). The 
view expressed by various workers (47) that other 
sterols besides ergosterol will give on irradiation prod- 
ucts possessing antirachitic properties has recently 
been substantiated in Windaus’ laboratory (48). It 
has been found that 7-dehydrocholesterol on irradiation 
gives a compound which shows antirachitic properties 
of a magnitude similar to that of irradiated ergosterol. 
As can be seen from the chemical structure of 7-dehy- 
drocholesterol (formula W), this sterol, like ergosterol, 
also contains two double bonds in conjugated form in 
ring B. It seems, therefore, that sterol-compounds 
containing two double bonds in ring B, as indicated, 
and at the same time a free hydroxy group in position 
3, will yield, on irradiation, antirachitic substances. 
On the basis of these findings it is hardly justifiable 
any longer to call ergosterol the “‘precursor’’ of vitamin 
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As can be seen from the structural formula of ergos- 
terol (formula C), this sterol differs from cholesterol 
(formula A) in that it has three double bonds (one of 
which is present in the side-chain) instead of one, and an 
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additional carbon atom, which is attached as a methyl 
group to C-24 in the side-chain. The exact position of 
the double bonds in the ring system is still under dis- 
cussion. The nature of the changes that take place in 
the molecule on its conversion by irradiation into the 
antirachitic vitamin is also uncertain. It is assumed 
that activation of ergosterol is the result of certain 
intramolecular changes. On complete reduction of 
ergosterol, Cs3H,O, one obtains the hydrocarbon er- 
gostane, C2sH5o, which on oxidation, which takes place 
between C-23 and C-24, gives an acid, C23H3sO: (for- 
mula D). This acid is identical with norallocholanic 
acid (10) which, as has already been outlined, can be 
prepared by the degradation of allocholanic acid 
Cos4HioO2, thus showing the chemical relationship of 
ergosterol to cholesterol and the bile acids. 


THE SEX HORMONES 


Another group of biologically active substances which 
show a close chemical relationship to the sterols is desig- 
nated as the sex hormones. The female sex hormone 
normally present in the liquor folliculi was isolated in 
crystalline form independently in two laboratories (11). 
This substance causes cestrus in female animals and 
controls the growth and development of the secondary 
female sex characteristics. Unfortunately, various 
names have been ascribed to the hormone—theelin, 
oestrone, folliculin, menformon, and others. Since the 
hormone has been found to be excreted in the urine of 
women and some animals (e. g., the mare) during preg- 
nancy, a convenient source for obtaining sufficiently 
large quantities for extensive chemical studies is thus 
afforded. An identical substance has also been ob- 
tained from a plant source, namely from palm kernel 
extracts (12). 
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The female sex hormone, CjgsH22O2 (formula E), is a 
hydroxy ketone, containing an aromatic ring (A), and 
has therefore lost the methyl group at C-10, and the 
3-hydroxy group is phenolic instead of alcoholic. Re- 
duction of the keto group of the hormone to a secondary 
hydroxy group gives a dihydroxy compound, which is 
about six times as active as the female sex hormone (13), 
and which may be the cestrogenic substance actually 
circulating in the body. An identical dihydroxy com- 
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pound has recently been isolated from the urine of 
pregnant mares (14), and from the ovaries of pigs (15). 
The fact that the female sex hormone contains a ring 
structure identical with that of the other sterols al- 
ready discussed has been shown in the following way: 
on complete reduction of the keto group of the methyl 
ether (by methylation of the hydroxy group) of the 
hormone, there is obtained methoxyeestatriene (for- 
mula F) which by dehydrogenation with selenium 
gives a methoxy-cyclo-1,2-pentenophenanthrene (for- 
mula G) (16). The correctness of the structure of the 
latter compound has been proved by synthesis (17). 
In addition to the female sex hormone C;gsH22O2, two 
other substances have been isolated from pregnant 
urine: a trihydric alcohol, CisH24O3, called theelol or 
cestriol (formula H) (18), and a compound C2;H3¢O2, 
called pregnanediol* (formula I) (18, 19). 
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\ 
Theelol or cestriol is much less active than the keto 
form (formula E) and can be converted into this sub- 
stance by distillation with KHSO,, splitting off one 
molecule of water. It is claimed that this trihydric al- 
cohol is converted into the ketone in the ovary. A 
compound called emminine, isolated from the placenta, 
has been found to be identical with theelol or cestriol 
(20). Pregnanediol, which is physiologically inactive, 
has been found to be present in pregnant urine but not 
in male or normal female urine. It may be considered 
perhaps as an intermediate substance in the formation 
of the female sex hormones. This alcohol contains a 
ring structure identical with that of the other sterols, as 
is shown by the following reaction: on complete re- 
duction one obtains the hydrocarbon pregnane, C2;H3., 
which also can be prepared from cholanic acid, C2,H4O»2 
(21). Pregnanediol has been used as a starting mate- 
rial in the synthesis of the corpus luteum hormone. 

The corpus luteum hormone (luteosterone, proges- 
tin)t has been isolated in crystalline form by various 
groups of workers (22) and characterized as a diketone 
CoiH30O02, containing one double bond (formula L). 
This substance causes progestational proliferation of 
the endometrium of the castrated rabbit. 
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* The Anglicized, rather than the current German, spellings of 
“‘pregnanediol’’ and analogous compounds have been used 
throughout this paper. 

{It has now been agreed to name this hormone progesterone 
[Science, 82, 153 (1935) ]. 





A confirmation of the correctness of the chemical 
constitution of this hormone has been afforded by par- 
tial synthesis of this principle, which has been brought 
about in two different ways. On oxidation, bromina- 
tion, and renewed oxidation of pregnanediol (formula I) 
one obtains a product of the constitution indicated by 
formula K, and on removal of one molecule of HBr 
from the latter compound, a substance is obtained 
which is identical with the active principle (23). The 
same substance has also been obtained from stigma- 
sterol, C29HysO0 (formula N), which is a phytosterol and 
closely related chemically to cholesterol (23, 24). 
These two syntheses prove that the corpus luteum hor- 
mone contains the same ring structure as is present in 
the sterols described in this review. 

A male sex hormone, androsterone, has been isolated 
in crystalline form from male urine (25). This sub- 
stance controls the secondary sexual characteristics in 
the male, and its physiological activity is measured by 
its effect on the comb growth in castrated cocks. An- 
drosterone, Cj9)H3002 (formula M), in contrast to the fe- 
male sex hormone is a saturated compound and con- 
tains a methyl group at C-10, but like the female sex 
hormone contains a keto and a hydroxy group. Re- 
duction of the three double bonds in the female sex 
hormone gives a product which shows a physiological 
activity similar to that of androsterone, though less 
pronounced (26). Recently it has been found that on 
reduction of the keto group in androsterone to a secon- 
dary hydroxy group, a dihydroxy compound (andro- 
stanediol, Cj9H32.02) is obtained which is several times 
more active than the keto form (27), just as in the case 
of the female sex hormone. 

The view expressed by Gallagher and Koch (28) that 
the male hormone occurring in the testis itself is different 
from androsterone has been substantiated by the isola- 
tion of the testicular hormone in crystalline form in 
Laqueur’s laboratory (45). This principle, which has 
been given the name testosterone, is several times more 
potent than androsterone. Ruzicka (46) has recently 
announced the artificial preparation of testosterone 
from cholesterol, having the chemical composition 
Ci9H2gO2 (formula V). 
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The structure of androsterone has been confirmed by 
partial synthesis. Oxidation of a stereoisomer of 
dihydrocholesterol (epidihydrocholesterol), obtained 
by the reduction of the double bond in cholesterol, 
gives a ketone identical with androsterone, the point of 
attack being between C-17 and C-20 (29). Recently 


Butenandt and Cobler (30) reported the preparation of 
iso-androsterone from stigmasterol (formula N), the 
former differing from androsterone only in the spatial 
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arrangement of the hydroxy group. By degradation of 
stigmasterol one obtains allopregnanolone (formula O), 
which is also present in corpus luteum but is physio- 
logically inactive. On further degradation there is 
formed iso-androsterone, which on oxidation gives the 
diketone, androstanedione, identical with the diketone 
prepared from androsterone. 
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These reactions prove that the male sex hormone andro- 
sterone is closely related to the sterols.* 


CARCINOGENIC HYDROCARBONS 


It has been known for several years that application 
of coal tar to the skin will produce cancerous growth. 
This effect has been shown to be due to certain hydro- 
carbons present in the coal tar. A group of English 
workers was able to isolate an active carcinogenic 
compound from soft pitch and found it to be 1,2-benz- 
pyrene (formula P), the structure of which was con- 
firmed by synthesis (31). Further researches have 
shown that the power to produce pathological growth is 
associated with a specific type of molecular structure, 
similar to that of the sterols, the essential difference 
being that the sterol rings are hydrogenated whereas 
the cancer-producing compounds are not. It has also 
been reported that a potent carcinogenic agent, methyl- 
cholanthrene, can be prepared from deoxycholic acid 
(3,12-dihydroxycholanic acid, see formula B) (32). 
The essential steps in the transformation are cycliza- 
tion of the side chain and dehydrogenation of the ring 
system. It can be seen from the structural formula R 
that methylcholanthrene, also recently synthesized 
(33), contains a ring structure similar to that of the 
sterols present in the body. 
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* For more detailed information regarding the chemistry of 
the male sex hormones the reader is referred to a paper by Ru- 
zicka on this subject, which will appear shortly in TH1s JOURNAL. 
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It is interesting to speculate on the rdle which abnormal 
metabolism of the sterols in the body may play in the 
growth of pathological cells similar to those of cancer, 
although such a theory is wholly without definite ex- 
perimental proof at the present time. The work of 
McIntosh (34), who has produced tumors in fowl by 
applying carcinogenic compounds and then found that 
some of the filtrates of the tumors contain a cancer- 
producing virus, is very suggestive of such a possibility. 


MISCELLANEOUS PHYSIOLOGICALLY ACTIVE COMPOUNDS 


In addition to the sterol-like substances discussed 
here, which are such essential factors in the growth, 
metabolism, and normal functioning of the body, there 
are various other chemical compounds of both plant 
and animal origin which contain a sterol nucleus and 
which exhibit a specific physiological and pharmacologi- 
cal activity when introduced into the body. Certain 
plant glucosides have long been known to possess car- 
diac-stimulating properties and have therefore been 
used in medicine in the treatment of heart ailments. 
These active glucosides yield on hydrolysis, in addition 
to several sugars, an organic part called aglucone, 
which is the carrier of the physiological activity. The 
chemical investigations of Windaus and especially of 
Jacobs and his collaborators have revealed that the 
aglucones obtained from different orders of plants are 
C-23 derivatives possessing the same skeleton, and are 
lactones containing a double bond and several hydroxy 
groups (35). The view expressed by a number of 
workers that a relationship in structure probably exists 
between the cardiac aglucones and the sterols has re- 
cently been experimentally confirmed. Digitoxigenin, 
Cs3H3,O, (formula S), the aglucone of digitoxin, has 
been converted through a series of reactions into y- 
digitoxanol-diacid (formula T, R = OH). Reduction 
of the keto group, obtained by the oxidation of the 
secondary alcoholic group, gives a saturated dibasic 
acid digitoxan-diacid, C:3;H3.0, (formula T, R = H). 
When the ester of this dibasic acid is degraded accord- 
ing to Wieland’s method, which has been outlined earlier 
in this review, there is formed a monobasic acid C2)H32.02 
(formula U) which is identical with etiocholanic acid, 
obtained by Wieland and co-workers from cholanic 
acid (formula B) (36). 

Independently of this work by Jacobs and co-workers 
(36), Tschesche (37) showed that the carbon skeleton in 
the aglucones is identical with that of the sterols. By 
degradation .of the aglucone dianhydro-uzarigenin, 
Co3H3003, etioallocholanic acid, C20H3202, which is an 
isomer of etiocholanic acid, has been obtained through a 
series of reactions similar to those employed by Jacobs. 
Furthermore, Stoll and his associates (38) showed that 
scillaridin A, a cardiac stimulant present in squill, can 
be converted into allocholanic acid (formula B). Brief 
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mention should be made that chemical proof has lately 
been furnished that the digitalis sapogenins, which are 
characterized by their property of causing water to 
foam, also contain the typical sterol skeleton (39). 

There have also been isolated from the poisonous 
secretions of various toads, compounds which possess a 
pharmacodynamic action similar to that of the plant 
aglucones (40), and which are also apparently closely 
related to them in chemical composition (47). The 
chemical correlation of the cardiac principles from the 
toad secretions with the plant aglucones and with the 
sterols, however, requires further chemical research, 
which unfortunately is greatly hampered by the diffi- 
culty in obtaining sufficient amounts of material. 
A very thorough discussion of the chemistry of the car- 
diac aglucones and toad poisons can be found in the 
review of J. A. R. Kon (42). 


* * * 


The foregoing review is a rather concise and neces- 
sarily incomplete account of the constitutional simi- 
larities of different principles which show such diversi- 
fied physiological activities. This description can 
scarcely make evident to the reader what difficulties 
and intricacies are encountered in this field of research. 
Undoubtedly, the future will not only clarify the ob- 
scure and more elusive points in our present knowledge, 
but will also disclose many other striking revelations 
and developments of great interest, in both the chem- 
istry and biology of the sterols. 


ADDENDUM 


In the interval between the preparation of this review 
and its publication, several papers bearing directly on 
the subject have appeared. Ruzicka and Wettstein 
have reported the experimental details of their artificial 
preparation of the testicular hormone testosterone 
[Helv. Chim. Acta, 18, 1264 (1935)]. Butenandt and 
Hanisch have given an outline of a method for the 
preparation of testosterone from cholesterol [Ber., 68, 
1859 (1935)]. Dalmer et al. have described the sys- 
tematic degradation of 3-hydroxy-allocholanic acid to 
androsterone [Ber., 68, 1814 (1935) ]. 
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Methinks the Chymists, in their searches after truth, are not unlike the navigators of Solomon’s Tarshish fleet, 
who brought home from their long and perilous voyages, not only gold, and silver, and wory, but apes and peacocks 
too; for so the writings of several (for I say not all) of your hermetick philosophers present us, together with divers 
substantial and noble experiments, theories, which either like peacock’s feathers make a great show, but are neither 
solid nor useful, or else like apes, tf they have some appearance of being rational, are blemished with some absur- 
dity or other, that, when they are attentively considered, make them appear ridiculous.—ROBERT BOYLE 
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The FIRST CHEMICAL 





SOCIETY in the WORLD 


JAMES KENDALL 
University of Edinburgh, Edinburgh, Scotland 


HEMISTS of olden times were not wont to 
foregather merely as chemists; they merged 
themselves in broader organizations such as the 

Royal Society or the American Philosophical Society. 
The Chemical Society of London did not come into ex- 
istence until 1841. It was preceded, however, by 
several chemical associations which have since lapsed. 
Sir William Ramsay (1) has recorded the fact that his 
grandfather was the President of a Chemical Society in 
Glasgow, founded in 1798, but world priority has by 
general agreement been conceded to the Chemical 
Society of Philadelphia, founded by James Wood- 
house in 1792. Edgar F. Smith (2) may be quoted in 
this connection: 

This was the first chemical society in the world. As far as 
can be learned, Woodhouse was its first and only president. 
This society lived about seventeen years. Its members favored 
Lavoisier’s doctrine of combustion. The minutes of the society 


have never been found, although diligent search has been made 
for them. 


Among the correspondence of Joseph Black, Sir 
William Ramsay (1) discovered a sheet of paper, of 
which only the date, 1785, was in Black’s handwriting, 
entitled “List of the Members of the Chemical So- 
ciety.’”’ Ramsay remarks regarding this as follows: 

This may have been a society of persons residing in Edinburgh 
interested in Chemistry, but is more likely to have been a general 
society . . . The only name that I can recognize is that of Dr. 
Thos. Beddoes [the founder of the Pneumatic Institute and the 
“discoverer” of Sir Humphry Davy]; the names themselves 
would indicate that their possessors belonged to all parts of the 
kingdom. 


The complete list of names—59 in all—is repro- 
duced below: 


John Webster Hen. N. Ward J. Alderson 

Wm. Scott Morgan Deasy J. McElwaine 

— Halliday H. Pache T. Gill 

Jas. Forster Jno. Gay T. Willson 

Sam. Black Tho. McMorran Frs. Montgomery 

Jno. Black Adam Gillespy Thos. Swainson 

Jas. Plumbe Thos. Burnside Archd. Webb 

Wm. Johnston Corn. Pyne J. Crumbie 

Thos. Clothier J. Unthank Geo. Majoribanks 

Henry Johnston J. Barrow T. Greig 

Peter Gernon J. Donavan J. Parr 

Robt. Ross Saml. Macoy Alex Stevens 

L. van Meurs G. Tower Wm. Symonds 
(amteemann batavis) J. Sedgwick Thos. Beddoes 

Hugh Brown T. Skeete J. Thompson 

John Boyton Wm. Robertson G. Kirkaldie 

Edw. Fairclough J. Sprole J. Carmichel 

Bicker McDonald Thos. Cooke Nich. Elcock 

F. Galley Thos. Edgar Richd. Gray 

An. Mann Guyton Jolly J. Hayle 


The idea struck the writer that an examination of the 
register of students at the University of Edinburgh at 
that period might identify more of the names in the 
above list. This register was accordingly consulted, 
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and within a quarter of an hour (the right names 
tumbled out of the register just like ripe apples from a 
tree when shaken) it was established that no fewer 
than 53 out of the 59 were students attending Black’s 
class in chemistry at Edinburgh University during the 
years 1783-87. The remaining six* may have been stu- 
dents at an earlier period, or their names may have 
been wrongly transcribed in Ramsay’s list. The 
plausibility of the latter assumption is evident from 
the following more obvious discrepancies: F. Galley 
(Ramsay), T. Galley (Register); Jas. Plumbe (Ram- 
say), John Plumbe (Register); Thos. Swainson (Ram- 
say), Thos. Swanston (Register). 

In any event, it is quite plain that this society of 
1785 was not, as Ramsay surmised, a general society. 
It was, on the contrary, a society consisting of those 
members of Black’s class with a special interest in 
chemistry—in other words, it was the Chemical 
Society of the University of Edinburgh. How long it 
survived after 1785, or how long it existed prior to 
1785, we have at present no knowledge, but now that 
the origin of its membership has been fixed the pos- 
sibility, noted by Ramsay, of locating “‘some one of 
their descendants in possession of some record of its pro- 
ceedings and history” is clearly much more likely of 
realization. 

Nineteen out of the fifty-nine members are on the 
list of medical graduates of the University of Edin- 
burgh between the years 1784-90. This list also gives 
the nationality in each case, and it is interesting to find 
that, of the nineteen, only three were native Scots, three 
English, and the residual thirteen all Irish! Joseph 
Black was himself, of course, of Belfast ancestry, and 
the proportion of Irish students in the Scottish Univer- 
sities has always been significant, but such a preponder- 
ance as this is very surprising. Whether its Irish 
element was responsible for the ultimate disruption of 
the society (it is ominous that Bicker McDonald and 
J. Unthank were both Hibernians) is a question that, 
perhaps just as well, we are not in a position to press. 

The Edinburgh University Chemical Society cele- 
brated, in April of this year, its Diamond Jubilee, being 
under the impression that it was founded only sixty 
years ago. It was the pleasant duty of the writer, 
in the course of these celebrations, to inform his fellow- 
members of the fact that they had been called together 
under false pretences. The original foundation of 





* Thanks to the kindly zeal of Dr. Alexander Morgan, five of 
the missing six have since been traced as registered students of 
Joseph Black between 1780 and 1788. The only name on the 
list now definitely unlocated is that of Peter Gernon. 
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the society goes back not to 1875 but to 1785; it is not 
its Diamond Jubilee that is being celebrated, but its 
Sesquicentenary. It displaces the Dialectic Society of 
Edinburgh (founded in 1787) as the oldest university 
society, and it displaces the Chemical Society of Phila- 
delphia as the first chemical society in the world. 

It is, indeed, not unreasonable to regard the Chemical 
Society of Philadelphia as a daughter society of that at 
Edinburgh. The medical school of the College of 
Philadelphia (now the University of Pennsylvania) was 
instituted in 1765 under strong Edinburgh auspices, 
and the coat of arms of the University of Edinburgh is 
still to be seen above the entrance to one of its original 
buildings. John Morgan (3), who first taught chemis- 
try there, and Benjamin Rush (4), who succeeded him 
in 1769 as the first full-time professor of chemistry in 
America, were both students of Joseph Black in Edin- 
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burgh. With such an intimate connection between 
the two centers, the existence of a chemical society at 
Edinburgh University, sponsored by Black, would 
certainly be a matter of common knowledge in the 
College of Philadelphia, and when James Woodhouse 
(then a young man of twenty-two) founded the Chemi- 
cal Society of Philadelphia in 1792 he may quite plaus- 
ibly be pictured as following, consciously and de- 
liberately, in the footsteps of Joseph Black. 
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DIVISION OF CHEMICAL EDUCATION—SAN FRANCISCO MINUTES 


EXECUTIVE COMMITTEE MEETING AucusT 20, 1935 
Present: R. E. Swain, N. W. Rakestraw, V. Bartow, 


W. Segerblom. 
Appropriations for the coming year were voted: 


Chairman’s office $25 
Secretary’s office 50 
Treasurer’s office 15 
Expenses of meetings 25 
Expenses of committees _ 0 


The following resolution was passed: 


Since the Senate of Chemical Education, established by vote of 
the Division of Chemical Education at the August, 1925, meeting 
in Los Angeles, has served its primary purpose and is now in- 
active, and 

Since the committees of the Senate have recently been made 
committees of the Division and now report to the Division di- 
rectly, 

The Executive Committee recommends that the Division offi- 
cially vote to disband the Senate, and that the Secretary of the 
Division be instructed to notify the organizations that elected the 
senators. 


BusINEss MEETING OF THE Division, AuGustT 21, 1935 
The following report of the treasurer was accepted: 





Cash on hand April 15, 1935 $273.95 
Receipts: 
Dues from active members 10.00 
Dues from associate members 30.00 
Total $313.95 
Expenditures: 
JouRNAL OF CHEMICAL EDUCATION, associate sub- 
scriptions 15.00 
Editor of JouURNAL, expenses to New York meeting 75.00 
Outstanding check 1.34 
Total a 
$ 91.34 
Receipts less expenditures, or cash on hand August 20, 
1935 $222.61 


VIRGINIA Bartow, Treasurer 


A semifinal report was received from the Committee 
on Minimum Equipment and copies were distributed. 


The secretary was instructed to send a vote of thanks: 
to the chairman of this committee. __. 

The Committee on Chemical Education of the Non- 
Collegiate Type submitted a progress report. 

The Committee on Correlation of High School and 
College Chemistry announced that its final report would 
appear in an early number of the JOURNAL OF CHEMICAL. 
EpucaTIon. The problem of financing the distribution 
of reprints of this report was referred to the Executive 
Committee. It was agreed that the committee be dis- 
charged when this report is published. , 

The following report was submitted by the Com- 
mittee on Naming and Scope of Committees: 


The symposium at the New York meeting on Lecture Demon- 
strations versus Individual Laboratory Work and the discussion 
thereon led to a desire for a committee to investigate the matter 
further and to make definite recommendations. The question 
was referred to this committee. We have considered the proposal 
at great length and recommend that the chairman of the Division 
appoint a Committee on Experimental Work in Chemistry. 

W. SEGERBLOM, Chairman 


It was voted to accept the report and appoint the 
committee referred to. 

It was also voted to appoint a Committee on the Use 
of the JOURNAL, to suggest ways in which the JOURNAL. 
OF CHEMICAL EDUCATION can be used in college and 
high-school classes. 

After hearing the resolution presented by the Execu- 
tive Committee (see above), it was voted to disband 
the Senate of Chemical Education, as suggested. 

The following officers were elected for the next year:: 


Chairman: HARRISON HALE 
Vice-chairman: F. B. WADE 
Treasurer: VIRGINIA BARTOw (three years) 
Executive Committee member-at-large: B.S. HOPKINS 


(The secretary's term expires in 1936.) 
Norris W. RAKESTRAW, Secretary: 
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The PRESENT STATE of the PROB- 
LEM of ELECTROLYTIC SOLUTIONS’ 


CHARLES A. KRAUS 


Brown University, Providence, Rhode Island 


INTRODUCTORY AND HISTORICAL 


S THE topic of my discussion, I have selected 
the problem of electrolytic solutions. This topic 
seemed all the more appropriate since the first 

great contribution to the solution of this important 
problem was made fifty-two years ago by Svante 
Arrhenius (1), the first recipient of the Willard Gibbs 
Medal of the Chicago Section of the American Chemical 
Society. According to the theory of Arrhenius, elec- 
trolytes, on dissolving in a medium, undergo dissociation 
into positively and negatively charged molecules or ions, 
which ions are in equilibrium with undissociated molecules 
of the electrolyte and are subject to the same thermodynamic 
and kinetic laws as are ordinary neutral molecules. The 
theory met with immediate and striking success in the 
case of weak electrolytes (acids and bases) but failed in 
the case of strong electrolytes (salts). Actually, the 
problem of strong electrolytes was not finally solved 
until forty years later (1923) when Debye and Hiickel 
(2) showed that by taking into account the effect of 
Coulomb forces on the distribution of ions in a medium, 
the properties of strong electrolytes could be accounted 
for at low concentrations. To bring the original theory 
of Arrhenius into harmony with our present concep- 
tions, it is only necessary to substitute for ions acting 
independently of one another (like neutral molecules) 
the more accurate model of ions interacting with one 
another according to the Coulomb force law. It is 
interesting to note that while the Debye-Hiickel- 
Onsager theory, which I will simply call the ‘‘ion- 
atmosphere theory,” greatly modifies the original 
theory of Arrhenius so far as strong electrolytes are 
concerned, it leads only to a correction term (or factor) 
in the case of weak electrolytes. 

For more than forty years, the attention of physical 
chemists was focused on the problem of strong elec- 
trolytes, while the equally important problem of weak 
electrolytes was neglected. It was generally assumed 
that only the acids and bases may appear as weak 
electrolytes and that the salts are essentially strong 
electrolytes. Physical chemists, with few exceptions, 
looked at the problem of electrolytes from the narrow 
and somewhat distorted point of view of aqueous solu- 
tions. Water was the typical solvent for electrolytes 
and, if electrolytes were soluble in media other than 
water, this was in itself exceptional and the properties 
of such solutions might be expected to be ‘‘abnormal.”’ 





* Scientific address delivered by the recipient of ‘the Willard 
Gibbs Medal Award, 1935 (Kent Chemical Laboratory, The Uni- 
versity of Chicago, May 25th). 
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It is known, today, that all liquid media, with the pos- 
sible exception of the light hydrocarbons, possess the 
power of dissolving electrolytes and that such solutions 
exhibit characteristic properties due to the presence of 
ions, dipoles, and more complex aggregates of electro- 
lytes. A complete understanding of electrolytic phe- 
nomena will be arrived at only when it is known how 
the properties of electrolytes vary with (and depend 
upon) the fundamental constants of the media in which 
they are dissolved. 

As early as 1900, Franklin and Kraus (3) showed 
that solutions of the ordinary salts in liquid ammonia 
approximate the law of mass action at lower concentra- 
tions. In 1913, Kraus and Bray (4) reviewed the exist- 
ing data relating to non-aqueous solutions and con- 
cluded that the law of mass action applies generally to 
binary electrolytes dissolved in solvents of lower di- 
electric constant, provided that the concentration of the 
electrolyte be not too high. In 1926, Bjerrum (5) 
proposed the ion association theory to account for the 
properties of aqueous solutions at higher concentrations 
and derived an expression for the ion association con- 
stant in terms of ion diameters, dielectric constant, and 
temperature. 

In solvents of very low dielectric constant, reliable 
data have been lacking. While it was known that elec- 
trolytes dissolved in solvents of very low dielectric con- 
stant are capable of conducting the electric current, it 
was not known whether the equivalent conductance of 
electrolytes in such media approaches a limiting value 
differing from zero. It was at this point that a thor- 
oughgoing investigation of solutions of electrolytes was 
undertaken at Brown University with a view to deter- 
mining the generality of the phenomena and, in parti- 
cular, to determining how the properties of a solution 
depend upon the dielectric constant of the solvent me- 
dium on the one hand, and the size and configuration 
of the ions on the other. 


MATHEMATICAL 


In order to present the results of our investigations 
concisely, it is necessary to resort to graphical methods; 
a brief mathematical introduction will make the in- 
terpretation of the graphs clear. 

The original theory of Arrhenius predicated kinetic 
equilibrium between ions and un-ionized molecules of a 
binary electrolyte (this discussion will be restricted to 
binary electrolytes), according to the equation 


Mt + X- 5S MX. 


This leads to the mass action equation: 
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(M*) (X~)/(MX) = K (1) 


where K is the dissociation constant of the electrolyte 
and the symbols in parentheses signify concentrations 
of the molecular or ionic species in question. If c is the 
total concentration of electrolyte and y is the fraction 
of electrolyte that exists in the form of ions, we have 
the obvious relations: 

(Mt) = (X-) = ¢7; 


(MX) = cl — 4), 


whence 
cy?/(1 — vy) = K. (2) 


Equations (1) and (2) hold for ideal solutions. For 
non-ideal solutions, that is, solutions where forces act 
between the molecules or, in this case, ions, the con- 
centrations of equation (1) must be replaced by activi- 
ties and, since the activity a = fc, where f is the activity 
coefficient of the ionic species in question, equation 
(2) takes the form: 


eypP/(l — y) = K. (3) 
it being assumed that the un-ionized molecules MX 
behave normally. This equation may be written in 
the form: 

I/y =cy?f?/K +1. (3’) 


According to Debye and Hiickel, f is given by the 
equation: 
—log f = 8 Vey (4) 


and, according to the Debye-Hiickel-Onsager theory, 
the conductance of an electrolyte is given by the equa- 
tion: 

Ay =Ayp-—a@ Ve, (5) 


where A, is the equivalent conductance of the elec- 
trolyte present in the form of ions whose concentration 
is cy, Ao is the limiting equivalent conductance ap- 
proached as the concentration approaches zero, and a 
is the Onsager coefficient, which may be computed 
from known properties of the solvent and of the elec- 
trolyte. The degree of dissociation y of the electrolyte 
at the concentration c is given by the equation: 


y = A/Ay = A/(Ao — @ VE). (6) 


In this equation, A and c are experimental values and Ao 
may be approximated; the equation may be solved for 
y and its value substituted in (3’). We then have 


cAf? 


This equation is linear in terms of F/A and Fr as 
variables, and a plot of these variables yields the value 
of 1/Ao as intercept on the axis of 1/A; the slope of the 
curve yields the value of the dissociation constant K. 
F is a correction factor for the ion-atmosphere effect, 
which is readily calculated from the experimental data 
according to the method of Fuoss (6). 

Equation (7) affords a convenient means of graphi- 
cally comparing the behavior of electrolytes in various 
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media. If the theory as above outlined is correct, the 
experimental points will lie on a straight line. If the 
dissociation constant is large, the lines will lie near the 
cA axis; as the dissociation constant diminishes, the 
lines become steeper and approach the 1/A axis. 


DISSOCIATION CONSTANT AND DIELECTRIC CONSTANT 


Before proceeding to a comparison of the conductance 
data, we need to consider how the properties of an elec- 
trolyte depend on the dielectric constant of the solvent 
medium. The ion-association theory of Bjerrum yields 
an equation relating the dissociation constant of the 
electrolyte with the dielectric constant of the medium. 
This theory has since been extended by Fuoss (7) and 
extensively tested in the Brown laboratories. In 
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FIGURE 1.—DISSOCIATION CONSTANT AS A FUuNC- 
TION OF DIELECTRIC CONSTANT 
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Figure 1, negative logarithms of dissociation constants 
(—log K), are plotted as ordinates against the loga- 
rithms of dielectric constants of the media (log D) as 
abscissas. At a dielectric constant of about 40, the 
curve crosses the axis of log D; the dissociation con- 
stant is large and the electrolyte is, in effect, completely 
dissociated. As the dielectric constant decreases below 
40, the value of K decreases, the decrease being the more 
rapid, the lower the dielectric constant of the medium. 
For a dielectric constant of 2.4, the dissociation con- 
stant is of the order of 1 X 10~'*. The points on the 
plot represent dissociation constants computed from 
conductance data for solutions of tetraisoamylammon- 
ium nitrate in mixtures of dioxane and water (8). 
These results go to show that the dissociation of an 
electrolyte into ions is, in the main, controlled by the 
dielectric constant of the solvent medium and that in 
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solvents of high dielectric constant, electrolytes are 


completely dissociated. It should be added, however, 
that the properties of solutions of an electrolyte are 
likewise dependent upon the size and configuration of 
the ions. Time will not permit a detailed discussion of 
this interesting question; suffice it to say, that as the 
ions become larger, the curve shown in the figure is 
displaced to the left, that is, toward lower dielectric 
constants, while as the ions become smaller, the curve 
is displaced toward higher dielectric constants: Those 
electrolytes which have the largest ions are the most 
highly dissociated in a given solvent. 


COMPARISON OF ELECTROLYTES IN DIFFERENT MEDIA 


In Figure 2 are shown plots of equation (7), for a 
number of electrolytes in water at 25°. The curves in 
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FIGURE 2.—PLOT OF CONDUCTANCE FUNCTION FOR 
AQUEOUS SOLUTIONS 


the lower figure relate to hydrochloric acid and iodic 
acid. It will be noted that the points for hydrochloric 
acid lie upon a horizontal straight line, corresponding 
to a very large dissociation constant or, in other words, 
to complete dissociation of the electrolyte. The points 
for iodic acid lie upon a straight line which is inclined 
to the horizontal axis, the inclination being determined 
by the dissociation constant of this acid, which is 0.17. 
In the upper figure, the vertical scale has been con- 
tracted 100 times over that of the lower figure. On 
this scale, the inclination of the curve for iodic acid is 
scarcely perceptible, the curve for monochloroacetic 
acid is markedly inclined, and that for acetic acid is 
almost vertical. The slopes in all cases correspond in- 
versely to the dissociation constants of the acids in 
question, that is, the smaller the constant, the greater 
the slope. It is evident, from this figure, that in aque- 
ous solutions we have electrolytes of varying strength 


_ tassium chloride. 
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and that, irrespective of strength, the experimental 
data yield a linear plot according to equation (7). 
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In Figure 3 are shown plots of equation (7) for po- 
tassium iodide, bromide, and chloride in liquid am- 
monia (9) at —34° (dielectric constant, 22). If similar 
plots were made for these salts in aqueous solution, 
their graphs would coincide with that of hydrochloric 
acid. In liquid ammonia, with its lower dielectric 
constant, the curves for the three salts differ markedly. 
All three are inclined to the cA axis, the inclination in- 
creasing from iodide to chloride in accordance with 
their dissociation constants, which decrease in the order: 
iodide, bromide, chloride. Potassium iodide is ap- 
proximately five times as strong an electrolyte as po- 
This result is in accord with ion di- 
mensions deduced from lattice distances in crystals. It 
is interesting to note that, although the three halide 
ions differ in size in the undissociated molecules, or 
ion pairs, as freely moving ions they have the same di- 
mensions, since the three salts have the same value of 
Ao. 
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In Figure 4 are shown plots for a number of electro- 
lytes in ethylene chloride (10) (dielectric constant, 10.2), 
The slopes of the plots on one figure must not be com- 
pared with the slopes on another, since different scales 
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are employed. In ethylene chloride, as in other sol- 
vents, the experimentally determined values yield 
straight-line plots, indicating the adequacy of equation 
(7). The values of the dissociation constants in ethyl- 
ene chloride are distinctly lower than in liquid am- 
monia. It will be noted that within fairly narrow 
limits the strongest electrolytes are those with the 
largest ions. Thus, tetrabutylammonium salts are 
stronger electrolytes than tetramethylammonium salts. 
Of the electrolytes shown in Figure 3, tetrabutylam- 
monium hydroxytriphenylboron is the strongest and 
the tetramethylammonium salt of the same anion is the 
weakest electrolyte. Tetrabutylammonium nitrate is 
of intermediate strength; the nitrate ion is smaller 
than the hydroxytriphenylboron ion. Ion dimensions, 
as.computed from dissociation constants, are not inde- 
pendent of the second ion of the binary electrolyte. 
This is particularly true of ions that have a highly com- 
plex structure. Thus, tetramethylammonium picrate 
is a stronger electrolyte than tetramethylammonium 
hydroxytriphenylboron, but in the case of the tetra- 
butylammonium salts, the picrate is slightly weaker 
than the boron derivative (10). Constants of a num- 
ber of electrolytes in ammonia and in ethylene chloride 
are summarized in Table 1. 


TABLE 1 


CONSTANTS OF SOME ELECTROLYTES IN SEVERAL SOLVENTS 


Ammonia at —34° 


Solute Ao KX10' - A*®*X 10° 
NaBr 315.5 28.7 4.27 
KCl 347.8 8.7 3.03 
KBr 346.0 20.3 3.76 
KI 344.4 41.9 5.13 
* ‘4’ may be interpreted as the distance between centers of charge in the 
ion pairs. 
Ethylene Chloride at 25° 
BusNOH-BPh; 52.4 2.58 5.94 
Bu:NF-BPhs 52.4 2.07 5.64 
Me:NF-BPhs 68.4 0.204 3.96 
MesNOH:BPh;- EtOH 68.6 0.201 3.95 
MesNOH-BPh;-H:0 70.9 0.183 3.91 
BuiN:Pi 57.3 2.26 5.78 
BuiN-Ac 52.8 1.36 5.18 
AmiN:NOs 62.0 1.26 5.12 
BusN-NO; 64.7 1.23 5.10 


SOLVENTS OF VERY LOW DIELECTRIC CONSTANT 


Thus far we have considered only dilute solutions of 
electrolytes in solvent media having dielectric con- 
stants lower than 10. It remains to determine experi- 
mentally the form of the conductance curve as the di- 
electric constant of the solvent is gradually lowered to 
that of a non-polar medium. In Figure 5 are shown 
conductance curves for tetraisoamylammonium nitrate 
in various dioxane-water mixtures (11), the dielectric 
constants of which range from 78, that of water, to 
2.2, that of dioxane. In order to be able to represent 


all these conductance values on a single figure, loga- 
rithms of equivalent conductance are plotted as ordi- 
nates against logarithms of concentration as abscissas. 
It is seen that, as the dielectric constant of the medium 
diminishes, the conductance diminishes and the form 
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FIGURE 5.—CONDUCTANCE OF SOLUTIONS IN DIOx- 
ANE-WATER MIXTURES 





(Numbers in figure are dielectric constants) 


of the conductance curve changes. Below a dielectric 
constant of about 8, the conductance curve has a mini- 
mum. This minimum becomes more pronounced and 
moves toward lower concentration as the dielectric 
constant diminishes. In pure dioxane, the minimum 
lies in the neighborhood of 1 & 107-5 N. 

It will be noted that at concentrations below the 
minimum, the curves at the bottom of the figure ap- 
proach linearity, corresponding to a slope of —!/». 
This form of the curve is characteristic of a weakly 
dissociated binary electrolyte. For such an electrolyte, 
we have 


cA2/Ao (Ao — A) = K 
and since A is negligible in comparison with Ao, we have 
cA? = KA,? 


or 
dlog A/dlogc = —1/3. 

It remains to account for the conductance minimum 
in solvent media of low dielectric constant. This may 
be done by taking account of the tendency of ions to 
associate with ion pairs to form what are called ‘‘triple 
ions” (12) according to the equations: 


MX + M+ = MXMt 
and 
MX + X~ = XMX~ 
If we take into account the formation of triple ions, the 


conductance equation at lower concentrations assumes 
the simple form: 


A = A/ct/t + Bess, (8) 
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which may be written 
ce A=A-+ Be, 


(8’) 
where A and B are constants. If the concentration of 


ions becomes sufficiently great, A must be corrected for 
the ion-atmosphere effect. 
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FIGURE 6.—PLOT OF CONDUCTANCE FUNCTION IN ANISOLE 


In Figure 6 is shown a plot of equation (8’), corrected 
for the ion-atmosphere effect; the plot should be recti- 
linear if the equation holds. The data relate to solu- 
tions of tetrabutylammonium picrate in anisole (13) 
(dielectric constant, 4.29). It will be observed that 
the points closely approximate a straight line. (De- 
viations of the most dilute points are due to adsorption 
which was not eliminated in this case.) The highest 
concentration appearing on the plot is above the mini- 
mum of the conductance curve. 


FREEZING-POINT MEASUREMENTS IN BENZENE 


The inflection points in the conductance curves, at 
concentrations above the minimum in solvents of very 
low dielectric constant, are doubtless due to highly 
complex association processes. It is not possible to 
analyze the results of conductance measurements, but 
convincing evidence that more complex equilibria 
occur at higher concentration in the case of certain 
electrolytes is shown by the results of freezing-point 
measurements of electrolytes in benzene. 

In Figure 7 are shown ratios At/At of observed to 
ideal freezing-point depressions of a number of elec- 
trolytes plotted as ordinates against concentrations as 
abscissas. The uppermost curve is for potassium ni- 
trate in water. The freezing-point ratio in this 
case approaches a value of 2 at lower concentrations, 
which indicates that potassium nitrate in aqueous 
solution is completely dissociated into its ions. The 
slight deviation from a horizontal straight line at higher 
concentrations is due to the ion-atmosphere effect. In 
the lower part of the figure are shown freezing-point 
ratios for a number of electrolytes in benzene (14). 
The horizontal straight line, corresponding to the value 
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unity, is for solutions of triphenylmethane, a normal 
solute. All the curves for electrolytes in benzene tend 
toward the value unity at lower concentrations, indi- 
cating ‘that at these concentrations, the electrolytes 
exist largely as ion pairs. Dissociation of these pairs 
into simple ions is inappreciable in freezing-point meas- 
urements. Even in the case of the strongest elec- 
trolytes in benzene, and at a concentration as low as 
10~° N, only approximately one molecule in one million 
is dissociated into ions, according to conductance meas- 
urements. 
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It is evident that at concentrations above 10-* N, 
all the electrolytes studied in benzene associate to form 
more complex structures. The association is least in 
the case of tributylammonium picrate, is greater for 
tributylammonium iodide, and is very large for tetra- 
butylammonium perchlorate and tetraisoamylammon- 
ium thiocyanate. The association of electrolytes in 
benzene at higher concentrations seems to be governed, 
in the main, by the electric moment of the electrical 
dipoles, by the symmetry of the ion pairs or dipoles, 
and by the dimensions of the ions concerned. Elec- 
trolytes with large polar moments, but relatively small 
ions, show a much greater tendency to associate than do 
electrolytes with large ions and small moments. 


POLAR MOMENTS 


If undissociated molecules of electrolyte exist in solu- 
tion in a non-polar medium, we must not look upon such 
combinations as chemical compounds in the ordinary 
sense. The forces that hold the ions together in the 
ion pairs, or their more complex aggregates, are elec- 
trostatic rather than chemical. If this is the case, then, 
when an electrolyte is dissolved in a non-polar medium, 
it should exhibit a high polar moment and the moment 
should, in general, be larger the larger the ions. If the 
ion pairs associate antiparallel at higher concentrations 
the molecular polarization of the electrolyte should 
diminish with increasing concentration. 

Mr. Geddes has measured the dielectric constant of 
benzene solutions of a considerable number of elec- 
trolytes (15) and has calculated therefrom their molecu- 
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lar polarizations and their polar moments. The re- 
sults are shown graphically in Figure 8, molecular po- 
larizations, in cubic centimeters, being plotted as or- 
dinates, and concentrations, in moles per 1000 grams of 
solvent, as abscissas. It will be noted that tetrabutyl- 
ammonium hydroxytriphenylboron has the highest 
polarization, some 8200 cc. (Ordinary molecules that 
have a polarization of 500 cc. are considered as being 
highly polar.) Tetrabutylammonium picrate shows a 
lower polarization than the boron compound. Tri- 
butylammonium picrate, in turn, has a still lower po- 
larization; finally, tributylammonium iodide has the 
lowest polarization value. In general, the order of 
molecular polarizations is in accord with the order of 
ion dimensions, although it should be borne in mind 
that in such ions as the acetate ion, for example, the 
charge is largely localized on the oxygen atoms of the 
carboxyl group, which probably accounts for the low 
polarization of the acetate. In some cases, as in tri- 
butylammonium iodide, the molecular polarization re- 
mains constant or may even rise with increasing con- 
centration, due to the fact that parallel, as well as 
antiparallel, association occurs. Freezing-point meas- 
urements with tributylammonium iodide indicate a 
high degree of association (see Figure 7). The electron 
shells of ions may be greatly deformed by the high 
electrostatic force acting between the charges. For 
this reason, the molecular polarization of tributyl- 
ammonium iodide has a very low value. 

Numerical values for the molecular polarization are 
given for a series of electrolytes in column 2 of the 
following table. 


TABLE 2 
CONSTANTS OF ELECTRICAL DIPOLES IN BENZENE 
Electrolyte Po uw X 108 aX10° dra X 108 

BuisN-OH:BPhs 8270 19.7 4.13 6.37 
AmuN:Pi 7090 18.3 3.82 6.28 
BusN:Pi 6740 17.8 3.73 6.28 
BuN-SCN 5050 15.4 3.23 
BusN-C1O4 4250 14.1 2.96 oe 
Am:NH-:Pi 3830 13.3 2.79 5.05 
BusNH-:Pi 3670 13.1 2.74 5.02 
BusN-Br 2900 11.6 2.43 on 
BuN-Ac 2690 11.2 2.35 4.59 
Bu:sNH'I 1440 8.09 1.69 oe 
BusNH-Br 1280 7.61 1.59 

BusNH:Cl 1140 7.17 1.50 


In column 3 are given values of the polar moments, 
and in column 4, the distance between centers of charge 
of the two ions. The values in column 4 are obtained 
from those of column 3 by dividing the polar moments 
given in that column by the unit charge, 4.77 X 107 
e.s.u. The small values obtained for the distance be- 
tween charges in the case of tributylammonium iodide, 
bromide and chloride are very striking; they are much 
below atomic dimensions derived from measurements on 
unstrained ions. This may be accounted for by as- 
suming deformation of the electron shell of the ions. 
That such deformations should occur is not unexpected 
when one considers the forces involved. In the case of 
tributylammonium chloride, the force between a pair 
of ions amounts to 1 X 10~* dyne; this force would be 
appreciable on any good micro balance. In terms of 
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ordinary pressure units, this force is of the order of one 
hundred thousand atmospheres. Of course, it has no 
meaning to speak of pressures in a case of this kind, but 
we should expect that ions in the ion pairs, under the 
action of Coulomb forces, would experience a deforma- 
tion of the same order of magnitude as that occurring 
under hydrostatic pressures of the order of one hundred 
thousand atmospheres. 

The limiting slopes of the polarization curves in 
Figure 8, differ for different electrolytes. This is due 
to association of dipoles. For an electrolyte having 
ions of about the same size, it may be assumed that the 
neutral molecule is roughly of ellipsoidal form. Dr. 
Fuoss (16) has worked out the theory of this dipole 
model and, by means of this theory, it is possible to 
calculate the minor diameters of the ellipsoid. The 
values are given in the last column of the table. All 
the values lie in the neighborhood of 5 Angstrém units. 
These values are in reasonably good agreement with 
atomic dimension and are in good agreement with 
values derived from freezing-point data (17). 


CONCLUSION 


At lower concentrations, the properties of electro- 
lytes in all solvent media are satisfactorily accounted 
for by interaction between the ions in accordance with 
Coulomb’s law of force. In solvents of high dielectric 
constant, electrolytes are completely dissociated into 
their ions and only long-range interactions need to be 
taken into account; in solvents of lower dielectric 
constant, because of the greater intensity of the force 
field, short-range interactions must likewise be con- 
sidered. As the dielectric constant of the medium is 
diminished, short-range interactions become more and 
more important and it is necessary to consider, not only 
interaction between oppositely charged ions to form 
ion pairs, but also interaction between ions and ion 
pairs, to form triple ions. In solvents of very low di- 
electric constant, more complex interactions, which 
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intervene at higher concentrations, lead to the forma- 
tion of highly complex, neutral (and probably charged) 
aggregates. 

At the present time, we have no theory which ade- 
quately accounts for the properties of electrolytic solu- 
tions at higher concentrations. The problem becomes 
highly complex because short-range interactions come 
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into play whatever the dielectric constant of the me- 
dium, and the statistical treatment of the problem be- 


comes exceedingly difficult. There is a great need for 
more accurate.data over a wider range of conditions 
(temperature, pressure, dielectric constant, etc.) if we 
are to arrive at a more complete solution of the problem 
of electrolytic solutions. 
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SURFACE TENSION 
by the RING METHOD 


APPLICABILITY OF THE DU NOUY APPARATUS 
RUDOLPH MACY 
Edgewood Arsenal, Maryland 


It is possible by the ring method to obtain surface-tension 
data uniform with those given as ‘‘correct’’ in Interna- 
tional Critical Tables. Two methods available are: (1) 
to apply correction factors according to the procedure 
recommended by Harkins and his associates, or (2) to 


++ + 


lary-height method are generally accepted as 

correct. For example, the surface tensions 
given in International Critical Tables (1) by Harkins 
and his associates have been, “for the greater part,” 
corrected to agree with certain ‘‘standard”’ values for 
water and benzene as determined by the capillary- 
height method in air at 760 mm. 

On the other hand, one can hardly doubt that the 
most rapid and simplest method for determining the 
surface tension of liquids is one of the ring methods 
made popular about fifteen years ago by the introduc- 
tion of the du Nouy surface-tension apparatus (2, 3a, 
3b, 4). It has been the experience of the writer that 
the remarkable convenience of this instrument for 
routine work and for such purposes as student instruc- 
tion is largely nullified by the lack of proper informa- 
tion as to its use and the consequent loss of time re- 
quired for one to become acquainted with it. 


GS ey-height at data obtained by the capil- 


employ a calibration curve in which determinations made 
by the ring method are plotted against correct values as 
given in International Critical Tables. The calibration 
procedure gives almost as good results as the exact method 
of Harkins. 


++ + 


It is the purpose of this article to show that the du 
Nouy apparatus gives results uniform with the data in 
International Critical Tables, if the readings made with 
the instrument are corrected in ‘accordance with the 
information given in the papers by Harkins and co- 
workers (5, 6), or if the instrument is calibrated against 
a few liquids, the data for which are given in Jnterna- 
tional Critical Tables. It is hoped that the paper will 
be of assistance to those who have put implicit faith in 
the claims made by the bulletins describing the du 
Nouy apparatus (3a, 3b), and to those whose work does 
not allow an opportunity for making a thoroltigh ex- 
amination of the characteristics of the instrument.* 

The apparatus discussed in this paper is the simple 
model described in reference (3a). The liquid is slowly 





* The Central Scientific Company has recently issued Bulletin 
No. 101, ‘‘The Ring Method for Surface and Interfacial Tensions” 


(no date), which contains an excellent bibliography and instruc- 
tions for use of the Harkins correction factors (5, 6). 
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raised by means of an adjusting screw until it touches 
the platinum ring. By turning a knob and increasing 
the torsion on the taut piano wire which supports the 
ring, the ring is then slowly lifted until it suddenly 
tears away from the liquid surface. The torsion on 
the piano wire, expressed in dynes, is a measure of the 
surface tension of the liquid. The relative surface 
tensions for different liquids are read on a dial. On 
the instrument used in this work the dial readings can 
be made to about 0.3 of a scale division, but on a later 
model (3b) readings can be made much more accurately. 


DIRECT DETERMINATION OF SURFACE TENSION 


According to instructions in the bulletin (3a) issued 
by the manufacturer, the instrument may be used for 
direct surface-tension measurements. This is done by 
forcing the ring back to its zero position by adding 
weights to it, after the tearing of the liquid surface 
has taken place. The following experiment with ethyl 
acetate at 26°C. illustrates this procedure, and also 
shows how greatly the surface tension obtained differs 
from the accepted value. 

Weight required to force ring back to zero = 0.223 g. 


0.223 X 981 


2x4 = 27.3 dynes/cm. 


Surface tension = 
In the calculation, the force in dynes is divided by 8 
because the ring has a mean perimeter of 4 cm., and 
there are two surfaces, one on each side of the wire, com- 
posing the ring. The accepted value for the surface 
tension of ethyl acetate at this temperature is 23.5 
dynes/cm. 
It has been shown by Klopsteg (7, 8) that the proper 
technic in handling the instrument is to keep the ring 
in a constant level position, by lowering the liquid while 


TABLE 1 


SuRFACE TENSIONS (~)* OBTAINED BY THE RING METHOD, AND THE 
CORRECTED SURFACE TENSIONS (7) READ FROM A CALIBRATION CURVE 


(1) (2) (3) (4) (5) (6) (7) 


Dial Surface tension in dynes/cm. Error 
reading (p) (2) (y) (y) 
Pull Lower Pull Lower  1.C.T. From Col. 
(7) 
#°C. Ring Liquid Ring Liquid values curve -Col. 
(6) 
Ether 24.0 29.0 27.0 19.8 18.4 16.5 +0.2 16.7 +0.2 
iso-Butyl alco- 
hol 24.5 38.3 36.0 26.1 24.6 22.5 +0.1 22.5 0 
Acetone 25.0 39.8 37.0 27.2 25.2 23.1 #0.2 23.1 0 
Ethylacetate 26.0 40.0 37.7 27.3 25.7 23.5 +0.4 23.5 0 
n-Butyl alco- 
hol 25.0 41.0 38.7 28.0 26.4 24.2 +0.4 24.2 0 
Benzene 25.6 47.0 44.5 32.1 30.4 28.2 +0.05 27.7 —0.5 
Ethylene chlo- 
ride 22.0 5 51.8 37.0 35.3 31.9 +0.3 32.0 +0.1 
Chlorobenzene 24.5 55 53.0 37.9 36.1 32.6 +0.2 33.0 +0.4 
Allyl isothio- 
cyanate 25.0 56.5 54.0 38.6 36.8 33.9 +0.3 33.9 0 
Nitro methane 26.0 60.0 58.0 40.9 39.5 35.8 +0.1 36.3 +0.5 
Bromobenzene 24.0 60.7 58.5 41.5 39.9 36.0 +0.5 36.5 +0.5 
Benzaldehyde 25.0 64.3 61.7 43.8 42.1 39.5 +0.2 39.0 —0.5 
Aniline 22.0 70.0 67.2 47.8 45.8 42.7 +0.4 42.4 -—0.3 
Nitrobenzene 27.0 70.0 67.7 47.8 46.2 43.1 #+0.5 42.7 —0.4 
Ethylene 
glycol 22.0 77.2 74.2 52.6 50.6 47.6+10.5 47.2 —0.4 
Glycerol 22.0 100 96.7 68.2 65.9 63.3 =3.0 63.5 +0.2 
Water 24.0 111 107 75.7 73.0 72.15+0.05 72.1 





* The reason for the use of the symbol () is explained at a later point in 
the paper. 
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increasing the torsion on the wire. The surface tension 
of ethyl acetate, using this second procedure, was found 
to be 25.7 dynes/cm. This procedure gives lower re- 
sults, in better agreement, but not in good agreement 
with accepted data. It is a tedious method, compared 
with the original procedure of simply lifting the ring, 
although it is obviously more correct (4, 7). 

The surface tensions determined by both methods for 
a number of liquids are shown in Table 1. In every 
case, except for water, the values are much too high, 
but the method of lowering the liquid gives the better 
data. The results obtained by the two methods are 
not quite parallel. For liquids with the usual surface 
tension of about 30 to 40 dynes/cm. the ‘‘pull-ring”’ 
method gives data which are about 1.5 dynes/cm. 
higher than the results obtained with the ‘‘lower-liquid”’ 
method. For glycerol and water, however, the devia- 
tion rises to 2.3 and 2.7 dynes, respectively. 


METHOD OF STANDARDIZATION 


In addition to the direct method of measurement of 
surface tension described in the preceding section, the 
instructions also recommend a standardization, so that 
the dial reading on the surface-tension apparatus can 
be converted directly to dynes/cm. This can be made 
by putting the ring in any definite position, taking the 
dial reading, and then placing weights on the ring and 
noting how much weight is required to return the ring 
to the zero position. For the instrument used in this 
work, a weight of 0.3 g. was equivalent to a reading of 
54 dial units. 


‘Then 54 dial units = see = 36.8 dynes/em. 


1 dial unit = 0.682 dyne/cm. 


This value was used in converting the dial readings in 
Table 1 to the surface-tension figures given in columns 
4 and 5 of the table. 


METHOD OF CALIBRATION 


A method of calibration which has been suggested 
(3a, 3b) is to obtain the dial reading at which the ring 
pulls away from a water surface, and to use that value 
as a standard for other liquids. From Table 1 it will 
be seen that a reading of 107 dial units was obtained for 
water at 24°C. The accepted value for the surface 
tension of water at this temperature is 72.15 dynes/cm. 

From the ratio 107/72.15 we should be able to cal- 
culate the surface tensions of other liquids by simple 
proportion, after the dial reading has been made at the 
point when the ring is torn from the liquid surface. 
From Table 1, however, it is obvious that water is the 
worst liquid to choose for calibration purposes. 

Water is the only liquid whose surface tension is 
measured directly with moderate accuracy by the du 
Nouy apparatus; the results for all other liquids are 
too high. This is shown graphically in Figure 1, in 
which the data point for water is indicated. If a 
straight line is drawn between the origin of the graph 
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SURFACE-TENSION APPARATUS, AND SURFACE-TENSION 
DATA FROM INTERNATIONAL CRITICAL TABLES 


brate the du Nouy apparatus is to obtain a calibration 
curve similar to that in Figure 1. This requires simply 
the dial readings for a series of common organic liquids 
as well as for water, and the plotting of these readings 
against the accepted values for the surface tension at 
the corresponding temperature. Practically any of 
the common liquids of reasonable purity can be used 
for the calibration: No attempt was made to purify 
the liquids recorded in Table 1, although c.p. or v.s.P. 
products were employed in most cases. 

The smoothed data for the construction of the curve 
in Figure 1, as obtained for the instrument used by the 
writer, are shown in Table 2. In column 7 of Table 1 
are given the surface-tension data read from this curve. 
It will be seen that they do not vary from the so-called 
“correct” values by more than 0.5 dyne/cm. This is 
good agreement when we consider that surface-tension 
measurements by different methods often vary to the 
extent of as much as 3%. 

The calibration curve in Figure 1 was obtained by the 
“‘lower-liquid’”’ method. If the dial readings obtained 
by the “‘pull-ring’’ method are used instead, it will be 
found that the curve does not go through the origin. 
It is possible, however, to construct a calibration curve 
using these measurements also. 


TABLE 2 


SMOOTHED DaTA FOR CALIBRATION CURVE OF FIGURE 1 


Dial Reading 
(Lowering the Liquid) 


Surface Tension 
dynes/cm. 
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and the point for water, this line will lie above the curve 
which is shown and will give high surface-tension data. 
A better way and perhaps the simplest way to cali- 
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At any rate, a calibration curve similar to that in 
Figure 1 is necessary to convert readings on the surface- 
tension apparatus to surface-tension data in dynes/cm. 


USE OF THE HARKINS CORRECTION FACTOR 


The fact that the ring method is not a reliable method 
for the direct determination of surface tension has al- 
ready been commented on extensively in the literature. 
For example, MacDougall (9) states, ‘I do not think 
that the simple theory of the experiment even with the 
procedure advocated by Klopsteg can lead to accurate 
values of the surface tension.” Johlin (10) mentions 
that the value for benzene is high compared with the 
value for water, using the same ring. Other papers of 
interest are those cited in references (11, 12, 13, 14). 

It remained for Harkins and his co-workers (5, 6), 
however, to give the conclusive demonstration that the 
measurements made as so far described in this article 
are simply measurements of “‘the pull necessary to de- 
tach a ring from the surface of a liquid,’ and are not 
measurements of surface tension. The expression 


Mg 
47R 





where M is the weight of liquid raised above the free 
surface of the liquid, and FR is the radius of the ring 
measured from the center of the ring to the center of the 
wire, should not be equated to y, the surface tension, 
but is better labeled by some other symbol, #. 

The proper expression for the surface tension (y) is 
then 


Y= ME For = pF, 

where F is a factor which varies with different rings and 
for different liquids. The factor for the size of ring is 
given by the ratio R/r, where r is the radius of the wire. 
The factor for the liquid is dependent on the ratio 
R*/V, where V is the volume of liquid raised above the 
free surface of the liquid [or V = M/(D —d)], D is den- 
sity of the liquid, d is density of air saturated with 
vapor of the liquid. [For details the original paper, 
reference (6), should be consulted. ] 

Harkins and his associates determined the values of 
F experimentally by measuring ‘the true surface ten- 
sions (y) of several liquids by the capillary-height 
method, and comparing these results with the data for 
pseudo surface tensions (p) obtained by the ring method. 
The correction factor is then F = y/p. A measure- 
ment made by the ring method, when multiplied by the 
proper value of F, should give the correct surface ten- 
sion in dynes/cm. 

Based on the values of F which they obtained for 
three pure liquids, and with sixteen carefully measured 
rings, Harkins and his co-workers have published a 
set of tables [ref. (6), page 1764] of correction factors 
for the ring method. 

In order to use the Harkins tables it is necessary 
only to know the dimensions of the ring being used, 
R/r, and the value of the expression R*/V. Data for 
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the radius of the ring and of the wire of which it is made 
are usually supplied by the manufacturer, so that R/r 
is readily calculated. The calculation of R*/V for 
different liquids is obvious, and for ordinary purposes 
the value of V in this calculation can be determined 
from the density of the liquid alone, disregarding the 
density of the air saturated with vapor. 

In Table 3 are shown the surface-tension data (vy) 
obtained by applying these Harkins correction factors 
to the measurements (p) obtained with the du Nouy 
surface-tension apparatus. In this table, M is ob- 
tained from the dial reading by applying the standardi- 
zation value of 1 dial unit = 0.00555 g., and V = M/D. 
The values of F were obtained from reference (6), p. 
1764, corresponding to the R*/V figures in Table 3. 
The surface tension (y) is equal to pF. 
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an R/r value of 0.6366/0.015 or 42.4, the value used in 
obtaining the correction factors for Table 3. 

Harkins measured his rings with an elaborate appara- 
tus, not generally available, and found that the ring 
supplied with a du Nouy tensiometer had a wire radius 
of 0.0157 cm., and an R/r value of 0.6366/0.0157 or 
40.55. The writer measured the ring, on the instru- 
ment used in this work, with a micrometer graduated 
to 0.01 mm. and found the radius of the wire to be 
0.019 cm., and of the ring to be 0.627 cm. This yields 
an K/r ratio of 33.0, a value which gave poor results 
when it was used to read the correction factors in the 
Harkins tables. 

By a trial-and-error procedure, various values of r 
were used to change the R/r ratio until correction fac- 
tors were found in the Harkins tables which would give 


TABLE 3 
SuRFACE TENSIONS (y) OBTAINED BY APPLYING HARKINS CORRECTION Factor (F) TO THE SURFACE-TENSION MEASUREMENTS (~) MADE BY THE DU Nouy 
METHOD 
R/r = 42 R* = 0.258 1 = oF 
Dial I.C.T. values, Error, 
PC. read’g M D V R3/V F p y dynes/cm. dynes/cm. 

Ether 24.0 27.0 0.150 0.710 0.211 1:22 0.895 18.4 16.5 16.5 +=0.2 0 
iso-Butyl alcohol 24.5 36.0 0.200 0.798 0.250 1.03 0.908 24.6 22.4 22.5 +0.1 - 0.1 
Acetone 25.0 37.0 0.205 0.784 0.262 0.98 0.911 25.2 23.0 23.1 + 0.2 - 0.1 
Ethyl acetate 26.0 37.7 0.209 0.894 0.234 1.10 0.903 25.7 23.2 23.5 = 0.4 - 0.3 
n-Butyl alcohol 25.0 38.7 0.215 0.806 0.267 0.97 0.913 26.4 24.1 24.2 +0.4 -0.1 
Benzene 25.6 44.5 0.247 0.873 0.283 0.91 0.918 30.4 27.9 28.2 + 0.05 - 0.3 
Ethylene chloride 22.0 51.8 0.287 1.247 0.231 Li 0.903 35.3 31.9 31.9 +0.3 0 
Chlorobenzene 24.5 53.0 0.294 1.102 0.267 0.97 0.913 36.1 32.9 32.6 + 0.2 + 0.3 
Allyl isothiocyanate 25.0 54.0 0.300 1.015 0.296 0.87 0.921 36.8 33.9 33.9 +=0.3 0 
Nitromethane 26.0 58.0 0.322 1.130 0.285 0.91 0.918 39.5 36.2 35.8 +0.1 + 0.4 
Bromobenzene 24.0 58.5 0.325 1.490 0.218 1.18 0.898 39.9 35.8 36.0 +0.5* — 0.2 
Benzaldehyde 25.0 61.7 0.343 1.040 0.330 0.78 0.930 42.1 39.2 39.5 +=0.2 - 0.3 
Aniline 22.0 67.2 0.373 1.019 0.368 0.70 0.940 45.8 43.1 42.7 +0.4 + 0.4 
Nitrobenzene 27.0 67.7 0.376 1.196 0.315 0.82 0.926 46.2 42.8 43.1 +0.5 —- 0.3 
Ethylene glycol 22.0 74.2 0.412 1.106 0.373 0.69 0.942 50.6 47.6 47.6 +=1.5 0 
Glycerol 22.0 96.7 0.537 1.260 0.426 0.61 0.953 65.9 62.8 63.3 +3 — 0.2 
Water 24.0 107.0 0.594 0.997 0.596 0.43 0.991 73.0 72.4 72.15 = 0.05 + 0.25 


* Harkins (6) gives 35.75 at 25°C. 


It is evident that the results obtained with the du 
Nouy apparatus are in good agreement with accepted 
surface-tension data, after the Harkins correction factor 
has been applied. 

Perhaps the most important question in regard to 
applying the correction factor is the proper choice of 
the R/r ratio. The ring supplied with the du Nouy 
surface-tension apparatus is certified (4) to have a 
diameter of 0.03 cm., accurate to 0.001 cm., and a mean 
perimeter of 4 cm. + 0.005 cm. This is equivalent to 


good results when applied to the data in Table 3 for 
such compounds as benzene and bromobenzene. The 
best R/r ratio found was 42, identical with the ratio 
according to the manufacturer’s specification for the 
ring. This experience is interesting, but just what it 
means the writer is not prepared to say. At any 
rate, it is possible to arrive at an R/r value which can 
be used with the Harkins tables, even if one does not 
know the exact constants for the ring used in the ring 
method. 
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FURTHER APPLICATIONS of 
CHEMISTRY 4 ARCHAEOLOGY’ 





WILLIAM FOSTER 


Princeton University, Princeton, New Jersey . 





UNFOLDED LEAD TABLET UPON WHICH THE ANCIENT GREEKS INSCRIBED CURSES 


MORTARS AND CEMENTS OF THE MAYA 


T THE suggestion of Mr. Lawrence Roys of 
Moline, Illinois, eight samples of Mayan mortar 
and cement were furnished by the Carnegie 
Institution of Washington. Mr. Roys is an engineer by 
profession, and he has devoted a good deal of time to 
the study of engineering problems connected with the 
structures of the Maya. He is author of a masonry 
report entitled ‘“‘The Engineering Knowledge of the 
Maya,” publication No. 436 of the Carnegie Institution 
of Washington. The author is indebted to this report 
for some of the statements in this paper. 
All the samples came from the same group of build- 





* Presented before the Division of History of Chemistry at 
the eighty-ninth meeting of the American Chemical Society, 
New York, April 22, 1935. 
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ings, namely, the Mojas Complex at Chichen Itza, 
Yucatan. The samples were taken from walls, fills, 
and caps. One of the plasters was used in blocking a 
doorway, and another was found in a cave. 

The Mayan culture reached its zenith from the begin- 
ning of the Christian Era to 700 a.p. This is the 
period of the Old Empire. It appears that the culture 
was homogeneous and the people unwarlike. Building 
abruptly ceased at the highest point of development. 
The New Empire (900-1400 a.p.) was remarkable for its 
architecture. 

While the Maya achieved much in the way of archi- 
tecture, it is of interest to note the lack of existence of 
the true arch in pre-Columbian architecture of America. 
In his report, Mr. Roys says: 


“In their vault construction, the Maya utilized a long and 
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general accumulation of knowledge which shows a high degree of 
mentality and of culture; and we have data which suggest that 
their failure to advance to more convenient and even larger 
buildings is roughly commensurate with their general cultural 
limitations... We may assume that the earliest permanent 
buildings were walls of earth surmounted by perishable wooden 
members supporting the roof covering... The fundamental ele- 
ments of the Maya vaulted chamber were two sloping walls and 
the row of capstones bridging the gap between them.”’ 


But we are more interested in the chemical com- 
position of the mortars or cements. Analysis proved 
that the samples were largely calcium carbonate, the 
average being considerably over 80 per cent.; in one 
case it was about 90 per cent. The percentage of 
silica (sand) and silicates (clay) averaged about 7, 
while that of iron trioxide and alumina (Fe,O; + 
Al,O3, or R203) was approximately 1.1. The samples 
also contained small quantities of magnesia (MgO) and 
of water, free and combined. 

A complete analysis of one specimen was made by 
S. W. Midgley and by J. O. Whiteley, undergraduates 
specializing in chemistry in Princeton University. 
This work was done under the supervision of Professor 
E.R.Caley. The results are tabulated below. 


Midgley Whiteley Average 
Lime (CaO) 51.30 50.94 51.12 
Carbon dioxide (COz) 39.75 39.72 39.74 
Silica (SiOz) 4.34 4.11 4.23 
R203 (FezO3 + Al2Os) 1.81 1,81 1.81 
Magnesia (MgO) 0.83 0.86 0.85 
Water-combined (H20) 1.86 1.89* 1.87 
Total 99.89% 99.33% 99.62% 


* Using Midgley’s values for loss on ignition. ~ 


The samples were dried at 110°C. before weighing. 

The evidence is conclusive that these mortars and 
cements are essentially calcium carbonate, an ordinary 
lime product. Minute quantities of calcium hydroxide 
were found in the samples, which indicates that the 
Maya used burnt limestone, or quicklime. The 
presence of calcium hydroxide in old mortars is not 
surprising. Indeed, it has been found in the mortars 
of some of the buildings of ancient Rome. 

J. W. Mellor, an English chemist, says: 


“The formation of calcium carbonate is quite a late stage in 
setting. In mortars of some of the buildings of the ancient 
Romans, crusts of minute calcium carbonate crystals protect the 
inner cores of calcium hydroxide. An exposure of 2000 years 
has not been sufficient to convert more than thin superficial layers 
of the colloidal hydroxide into carbonate. A little of the col- 
loidal hydroxide seems to pass into the crystalline condition. 


The sand makes the mass more porous, and facilitates the rapid’ 


absorption of carbon dioxide, and it prevents undue shrinkage 
during setting.” 


One would infer from the composition of the Mayan 
mortars that the silica and clay were probably acci- 
dental. The Maya used a limestone containing, on 
the average, about 7 per cent. of silica (presumably 
sand) and clay. This agrees fairly well with the per- 
centage of these components usually found in lime- 
stones. 

It is quite clear that the Mayan builders used a lime 
mortar or cement, and that it was deficient in tensile 
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strength and cohesiveness. Because of the loss of 
water and the absorption of carbon dioxide, strength de- 
veloped with age. 

Analysis by the author of a number of ancient Grecian 
and Roman mortars showed that they were relatively 
soft, but they contained, on the average, about four 
times as much silica (approximately 25 per cent.)! 
as did the Maya specimens. The lime content in the 
Grecian and Roman mortars was about 36 per cent. 
This amount of lime corresponds to about 48 per cent. 
of slaked lime, Ca(OH)2, which indicates that approxi- 
mately 1 part of sand was mixed with 2 parts of slaked 
lime. This does not agree with the record left by 
Vitruvius, a Roman architect, military engineer, and 
writer, in the days of Cesar and Augustus. According 
to him, the ancients were instructed to mix, after 
slaking, 1 part of lime with 3 parts of pit sand. In 
case river sand or sea sand was employed, 2 parts of 
sand and 1 part of burnt brick, powdered and ground 
fine, were mixed with 1 part of lime. 

For preparing modern mortar, the best proportions 
are 3 parts of fine sand to 1 part of quicklime, recently 
slaked. This is in agreement with the instructions 
given by Vitruvius. 


BEESWAX FROM THE CORE OF A BRONZE HEAD OF 
THE FIFTH CENTURY B.C. 


The core was secured by T. L. Shear, Professor of 
Classical Archeology, Princeton University, and Field 
Director of the American School at Athens, and also 
Director of the Agora Excavations. 

Considerable beeswax was extracted with ether 
from the core of the bronze head. The wax was in ex- 
cellent condition. Its melting point was 67°C. Some 
of it was saponified with alkali, a good soap being 
obtained. 

These experiments supply strong evidence for the 
assumption that the ancients knew how to use wax for 
their cores. It appears that the Greeks and the Ro- 
mans attained to great skill in this process. Their 
exact method is not. known with certainty; but it is 
probable that they were acquainted with the process 
now called a cire perdue, which is employed by the 
great Italian artists in bronze. A skin of wax was 
prepared between the core and the mold. When the 
whole was baked, the wax ran out, leaving a hollow 
into which the melted bronze was poured.? After cool- 
ing, the outer mold was broken away from the statue, 
and much of the inner core was also broken up and 
removed. 

In referring to gold castings of the ancient Egyptians, 
W. M. Flinders Petrie says :* 

“They seem to have been modelled in wax, and after forming 
the mould around the model the wax was melted out, and the 
metal run in. This method, known as cire perdue, was usual in 
later periods.” 





1 W. Foster, J. Cuem. Epuc., 11, 223 (1934). 

2 See Encyclopedia Britannica, under Metal-working. 

3 FLINDERS PETRIE, “The arts and crafts of ancient Egypt,” 
1910, p. 89. 
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SPECIMEN OF ROCK FROM SOLOMON’S STABLES 


This specimen was secured by Dr. William F. Bruce, 
of the Rockefeller Institute, Princeton, in 1932, at 
Megiddo, an ancient city on the border of the plain 
of Esdraelon. The stable is marked by a cornerstone 
of the Governor’s house, with Solomon’s star. The 
specimen was picked up from one of the walks between 
the stalls. It contained about 95.5 per cent. of calcium 
carbonate, indicating that limestone was employed by 
Solomon for making roads and walks. 


ANCIENT LEAD 


A small fragment in the shape of a rod was found by 
T. L. Shear in a Mycenzan grave, dating from about 
1200 B.c. Chemical tests showed that the core of the 
rod was metallic lead, while the outside was corroded 
lead (basic lead carbonate). This is the most ancient 
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specimen of lead with which the author has had experi- 
ence. 

In carrying on the excavations at the Agora, Athens, 
Shear found about 45 folded lead tablets. The ancient 
Greeks had inscribed curses upon these tablets; after- 
ward they were folded or rolled up so as to conceal the 
curses, and then thrown into wells. Before the in- 
scriptions can be read it is necessary to unfold the 
badly corroded metallic sheets. The chemical part of 
this problem was entrusted to E. R. Caley and the 
author. In case the tablet is not too badly corroded, 
it can be prepared for unfolding by first employing the 
Fink process; that is, the tablet is made the cathode 
in an electrolytic bath containing a solution of sodium 
hydroxide. The tablet is then treated with dilute 
sulfuric acid and with ammonium acetate. Finally, 
it is heated in an oven and then very carefully unfolded. 





HOW to STUDY CHEMISTRY 


W. A. MANUEL 


Ohio Wesleyan University, Delaware, Ohio 


HE STUDY of chemistry is a building process. 

The lesson and experiment assigned for today be- 

come the foundation upon which tomorrow’s work 
must rest. It is therefore essential that each topic be 
thoroughly mastered before the next one is reached. 
In no other way can one build a firm foundation of 
chemical facts and theories. 


DAILY STUDY IS NECESSARY 


Very early in the course, chemistry students should 
form regular study habits. One should not put off to- 
day’s study with the expectation that he can catch up 
later. In some subjects, perhaps, it may be possible to 
understand the latter part of the course without know- 
ing much about the first part of it, but that is not true 
in beginning chemistry. In some courses, perhaps, it 
may be possible to postpone studying until just before 
an examination or quiz, and then in one concentrated 
all-night effort absorb enough information to pass the 
examination, but that is not the way in which chem- 
istry can be assimilated. If one does not build up each 
section of his chemical information and theory at the 
proper time, later work will be weak or will fail alto- 
gether. 


THREE PERIODS OF STUDY ARE DESIRABLE 


Usually the time spent in the study of any topic will 
consist rather naturally of three periods: (1) a pre-view, 
in which the assignment is read before it is discussed in 
class or lecture; (2) the class or lecture period, in which 
one should focus his attention on the points made by the 
instructor, and in which one should ask questions con- 
cerning anything which has not been cleared up by pre- 





vious reading or discussion; and (3) a systematic re- 
view, in which one goes over the textbook material, the 
lecture notes, and the laboratory reports weaving all of 
them into a unified whole. 


THE ‘‘PRE-VIEW”’ IS IMPORTANT 


Many students realize the value of the first period of 
study and make a consistent effort to read the textbook 
material before topics are discussed in class, but usually 
a few members of the class will boast that they “‘never 
crack a book.” Such members of the class are not 
students in the real sense of the term, never boast of 
how much they learn in the course, and never become 
chemists. 

In the study of new material one must look for ideas. 
The author is trying to tell the reader something. After 
reading a paragraph or other unit one should pause to 
consider what he has read and tlten summarize the main 
points the author has made. This summary may be 
merely mental or it may be written. Generally speak- 
ing, the written summary is apt to be remembered 
longer than the unwritten. Sometimes it will be diffi- 
cult to understand the meaning of what has been 
read, and in such cases it will be necessary to read the 
passage several times. However, a student should not 
be childish and give up when the reading gets difficult. 
If a student is sufficiently mature to belong in the class, 
he should be willing to dig out the meaning of difficult 
passages. 


CORRELATION AND GENERALIZATION WILL HELP 


Frequently students become bewildered in beginning 
chemistry because they attempt to memorize facts and 
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data as isolated and unrelated material. It will be 
much easier if the student early forms the habit of 
looking for general relationships and classifications. 
Much of the material which he must remember can be 
brought to mind by recalling the general relationships 
and principles applicable to the point at issue. For ex- 
ample, it is easier to remember the formulas for the 
oxides of metals if one recalls these facts: (1) all oxides 
of elements contain oxygen, (2) the ending -ide indicates 
a compound containing but two elements, or in some 
cases two radicals, and (3) it therefore follows that an 
oxide of an element will contain only the element and 
oxygen. 


UNDERSTANDING SHOULD PRECEDE MEMORIZING 


Understanding the fact or principle to be remembered 
should be considered a prerequisite to all memorizing 
and it makes memory work easier. Chemical equa- 
tions, for example, are discouraging and hopeless to the 
student who has not learned the meaning of the sym- 
bolism involved. Unless the letters, numbers, and 
symbols in an equation convey to the student a very 
definite statement concerning the manner in which cer- 
tain substances react, it is folly for him to attempt to 
memorize the equation. The student should first learn 
the reaction as a statement describing the behavior of 
the chemicals involved, and then condense the state- 
ment into an equation. Later of course, as his knowl- 
edge of facts and principles grows, he can begin to pre- 
dict reactions and thus supplement his memory. 


CLASS PERIODS ARE VALUABLE 


All students who do well in beginning chemistry pay 
close attention to what goes on during the lecture or 
class period. There are few exceptions to this rule. It 
is perfectly possible for one to attend a class physically 
while he is absent mentally, but unless one disciplines 
himself in such a way that during the class period he is 
taking a mental part in all the discussions instead of 
merely listening passively or not at all, he fails to get 
the value from the class which is to be had for the tak- 
ing. One must participate mentally even though he is 
not called on. 


FREQUENT REVIEW IS NECESSARY 


To study in advance and to pay attention during the 
class period is not enough. One must review regularly 
and frequently. There is much to be said for the opin- 
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ion that the most important period of study is the re- 
view period. However, there can be no “re-view,”’ 
literally, unless there has been a “‘pre-view.’’ Neither 
can be neglected without loss. 

In review work one may follow several procedures. 
He may recite to himself or to others, he may read the 
text, he may rewrite and complete his notes, or he 
may try to reason out the answers to review questions 
by applying such general principles and facts as he has 
learned. Two or more students can review together 
with profit, if they take turns in asking and answering 
questions. The method of study in which one reads 
the questions and then actually speaks or writes the 
answers, finding the answer in his own mind by a system 
of recall and reason, is especially valuable. One learns 
to do by doing. One learns to make a good summary 
or give a clear explanation by actually summarizing 
and explaining, not simply by reading. How can one 
know whether he can explain a certain theory or state a 
certain principle unless he has tried it? This variety of 
study-room recitation is worthy of a thorough trial by 
all students. 


REVIEWING FOR EXAMINATIONS 


The time to begin reviewing for the chemistry final is 
the first week during the course. In addition, near the 
end of the course, one will want to make a careful and 
systematic general review. All too frequently the stu- 
dent in reviewing will try to guess what questions the 
instructor will ask and will spend his time on those 
questions. A much better practice, from the stand- 
point of learning chemistry, is for the student to pick 
out the things which he considers to be most important 
and then study these topics, keeping in mind the reasons 
for their importance. Naturally, such a list of topics is 
apt to contain the items on which one will be quizzed. 

Some students make the mistake of wearing them- 
selves out by prolonged study just before the examina- 
tion. It is usually folly to study so long that one is 
tired out when he comes to the examination. One 
should get his work over in time to get a good night’s 
sleep the night before an examination. Every instruc- 
tor has seen students fall down miserably on a final 
examination just because they were too tired. It is 
neither a sign of intelligence nor good planning to study 
all night before an examination. There is no substitute 
for hard work, but the work should be well timed and 
intelligently planned. 





CINCINNATI LECTURES 


Last year, the University of Cincinnati inaugurated a series of 
free lectures for those junior and senior students in near-by high 
schools who stood at the top of their classes in chemistry, physics, 
or advanced mathematics. This series of lectures, called ‘‘The 
Applications of the Physical Sciences’’—illustrated by demon- 
strations, lantern slides, and motion pictures—was so enthusias- 
tically received that plans have been made for continuation. 


Last year, however, it was deemed advisable to refuse the re- 
quests of scores of teachers, who, naturally being interested, asked 
that they be permitted to attend these lectures along with their 
students. This year, a new series of lectures has been devised, 
which will be given twice during the year, once for the teachers 
alone and once for the pupils. Dr. S. B. Arenson, Associate 
Professor of Chemistry, is in charge of these lectures. 
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ELEMENTS of the QUANTUM THEORY’ 


CHAPTER VII—A. VAN DER WAALS’ FORCES 
SAUL DUSHMAN 


Research Laboratory, General Electric Co., Schenectady, New York 


VAN DER WAALS’ EQUATIONT 


N IDEAL or “perfect” gas obeys the equation 
Ac state 

PV = nRT (2) 
where P is the pressure, V, the volume, m, the number 
of moles, 7, the absolute temperature, and R, the gas 
“constant.” For P in atmospheres and V in cm.’*, 
R = 82.05 (cm.* atmos. deg.~! mole~!). This equa- 
tion is valid for low pressures and comparatively high 
temperatures, where forces of attraction and repulsion 
between molecules in the gas have a negligible effect. 
But at higher pressures or low temperatures, especially 
near those of condensation to the liquid state and at 
pressures of the order of an atmosphere or higher, it 
has been found that equation (2) is not in agreement 
with the observed data. While a very large number of 
empirical or semi-theoretical equations of state have 
been suggested, that postulated by van der Waals is 
the best known and has been accepted most generally. 
This equation has the form, 


where V,, is the volume per mole, and a and 6 are con- 
stants whose values are determined from actual obser- 
vations on the relation between P, Vi», and 7 over a 
range of pressures and temperatures. 

In this equation the constant 0 is given by the rela- 
tion, 


b = 4Nv = 27 Nro?/3 


where N = Avogadro’s number = 6.064 X 10” 
molecules per mole;} v = volume of a molecule = 
(1/.)a7o*, where 79 = distance between centers of mole- 
cule = molecular diameter. 

The constant a is derived from the following consider- 
ations. The net force acting between two molecules is 





* This is the eighth of a series of articles presenting a more 
detailed and extended treatment of the subject matter covered 
in Dr. Dushman’s contribution to the symposium on Moderniz- 
ing the Course in General Chemistry conducted by the Division 
of Chemical Education at the eighty-eighth meeting of the 
American Chemical Society, Cleveland, Ohio, September 12, 
1934. The author reserves the right to publication in book form. 

{ For a comprehensive discussion of this topic the reader may 
consult H. S. Taytor’s “Treatise on physical chemistry,” 
D. Van Nostrand Co., New York, 1931. Chapter IV by K. F. 
HERZFELD AND H. M. SMALLWoop deals specifically with ‘‘Im- 
perfect gases and the liquid state.” 

t Values of physical constants used by the wsiter are those 
given by R. T. Birce, Phys. Rev. Suppl., 1, 1 (1929); also ‘‘Smith- 
sonian physical tables,”’ edited by F. E. Fou.e, 1933, pp. 73-107. 


581 


the resultant of a force of attraction which varies with 
the distance according to a law of the form, 


F4 = —A/r*, 
and a force of repulsion, which may be written in the 


form 
Fr = B/r*, 


where A, B, m, and » are constants for any given pair of 
molecules. Hence the force acting between the two 
molecules is 


f = —A/rm + B/r (iii) 
The mutual potential energy, U(r) is given by 


A B 


= (m — 1)r™—} + (n — 1)rn-! (iv) 





U(r) = —- £ fdr = 


If the molecules (or atoms) condense to form a solid 
lattice, they will assume positions of equilibrium such 
that f = 0, and consequently dU/dr = 0, that is, the 
potential energy will be a minimum for the position of 
equilibrium. Let 7) be the value of r for this condition. 
Then 

A B 
an oe (v) 
and the mutual potential energy becomes 


(n — m) 


70 A 
Dye mf fle Sa eg a) (vt) 


Since U) is negative, it follows that ” must be greater 
than m. An illustration of such potential energy 
plots is given at the end of this chapter (Figure 46). 

In terms of U(r) as determined by means of equation 
(iv), the constant a is given by the relation** 


2a N? dco da 

qq" = cee ie I, U(r) - dr (vit) 

where @ is in atm. cm.® mole~*, and 1 atmosphere = 
1.0132 X 10° dynes/cm?. 

It should be added that according to van der Waals 





RT, 
= BP. J 
o7 RT! ’ (viit) 
"ie s 


where P, and 7; are the critical pressure and tempera- 
ture, respectively. 

The problem regarding the origin of these attractive 
forces between molecules has engaged the attention of 


** F, Lonpon, Z. Phys., 63, 245 (1930). 
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many investigators and various explanations were sug- 
gested. Each of these hypotheses was, however, found 
to be unsatisfactory, and it was only on the basis of 
wave mechanics that a satisfactory theory was ulti- 
mately developed by F. London* in 1930. According 
to this point of view, the van der Waals forces of at- 
traction are shown to be due to a dynamical polariza- 
tion of each molecule by the others. The motion of the 
electrons in one molecule or atom modifies that of the 
electrons in the other molecule or atom in such a man- 
ner that the electrons tend on the average to move in phase. 
The forces that arise are thus similar in nature to those 
between dipoles. (A dipole is a system consisting of a 
positive and negative charge located at a definite dis- 
tance from each other. If e denotes the magnitude of 
the charge at each ‘‘pole’”’ and /, the distance between 
the point-charges, the dipole moment, is given by 
Me = el.) Only in the case of attraction between atoms 
or molecules the dipole moments fluctuate between 
maximum and minimum values and the relative orienta- 
tions vary continuously. 

The theory of London and similar considerations by 
J. C. Slater and J. G. Kirkwood! lead to the conclusion 
that the van der Waals attractive force between two 
molecules varies inversely as the seventh power of the 
distance. On this basis it has been found possible to 
calculate from the electron configurations of monatomic 
molecules (e. g., the rare gases) values of the constant, a, 
which are in satisfactory agreement with the values de- 
duced from the equation of state or from critical data. 

In order to understand better the point of view and 
the arguments developed by London, we shall consider 
first a phenomenon in classical mechanics which pre- 
sents a certain similarity, from the mathematical point 
of view, to the interaction of two atoms as postulated by 
the wave mechanics theory. 


TWO INTERACTING PENDULUMS 


Whenever we have two vibrating systems which are 
adjacent, it is possible for an interchange of energy to 
occur between them. The simplest illustration of this 
phenomenon is the behavior of two identical pendulums 
mounted, adjacent to each other, on a support which 
permits the motion of one pendulum to be transmitted 
to the other. The following description of the be- 
havior of the pendulums is taken from the discussion by 


C. G. Darwin.* 


‘We set the pendulum A in motion, while B is at rest. If the 
support were quite rigid A would go on swinging, and B would 





* F. Lonpon, loc. cit., also Z. physik. Chem., B11, 222 (19381). 
It should be mentioned that S. C. Wanc, Physik. Z., 28, 663 
(1927) first suggested the theory of dipole interaction, but his 
method of calculation led to results which have not been con- 
firmed by subsequent investigators. 

t SLATER AND Kirkwoop, Phys. Rev., 37, 682 (1931). 

t Darwin, ‘‘The new conceptions of matter,’’ The Macmillan 
Co., New York, 1931, Chapter VIII. The reader will find the 
non-mathematical presentation of difficult concepts in quantum 
mechanics very stimulating and of invaluable assistance in com- 
prehending the mathematical development, given by the writer, 
of this topic and other topics in wave mechanics. 
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stay at rest. But there is a small effect on B through the give of 
the support, and consequently B begins to move. What happens 
is rather striking, for B starts swinging more and more and at the 
same time A’s motion diminishes until B is swinging to the full 
amount while A has come to rest. Afterwards the motion is 
transferred back to A again, and it continues passing from one to 
the other until the motion has died away altogether. 

“The reason for this behavior is easily understood. The sys- 
tem of the two pendulums, like every other vibrating system, has 
normal modes of vibration, but these do not consist one in the 
motion of A and the other in the motion of B. The modes are 
shown in Figure 40. In one of them A and B are swinging equally 


Symmetric Antisymmetric 


ALA 


FicurRE 40.—ILLUSTRATING THE Two Mopgs oF VIBRA- 
TION OF Two INTERACTING PENDULUMS 











‘ 
FIGURE 41.—MOoTION oF EacH PENDULUM AS A SUPER- 
POSITION OF THE Two MopDEs 


both to the left at the same time, and in the other they are also 
swinging equally, but now when one is to the left the other is to 
the right. To distinguish the two modes I shall call them by 
names of which the application is not very obvious for the 
pendulums, but which are convenient because they are used in the 
quantum theory. The first is the symmetric mode, the second 
the antisymmetric. The two modes have frequencies of vibra- 
tion which differ from one another a little, because the effect of 
the yielding support is different in the two cases. The motion we 
described before in which B and A alternately come to rest is the 
superposition of these two vibrations. At one time the phases 
of the two modes are such that A is to the left at the same time 
for both. Then B would be to the left for one and to the right 
for the other and so by the principle of superposition it is at rest. 
Later, on account of the slight difference of the frequencies of the 
modes, it will occur that the two modes are in opposite 
phase for A, and therefore in the same phase for B, and conse- 
quently the motion will now have passed entirely to B. The 
exchange of the motions is illustrated in Figure 41. It is perhaps 
well to notice that in likening the exchange of motion of the pen- 
dulums to the beats of the two piano wires, the analogy is not be- 
tween each wire and each pendulum, but between each wire and 
each mode of the two pendulums. It is the two modes that beat 


together.” 


The relation between the frequencies of the two modes 
and that of each pendulum when not affected by the 
presence of the other and the character of the motion of 
each pendulum when interaction occurs are described 
in the following remarks by N. F. Mott.** 





** Morr, ‘‘An outline of wave mechanics,” Chapter VI. 
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“The frequencies of the system in these two normal modes,” 
he points out (as in the quotation from Darwin’s discussion), 
“are not equal to one another, and neither is equal to the fre- 
quency with which either pendulum would oscillate, were the 
other one absent. Let us call this latter frequency » and the 
frequency with which the pendulums vibrate in phase, », and 
with opposite phase, ». One can see that » is greater than » and 
vy, lessthan »y. For when they are swinging in opposite phase, the 
pendulums are, so to speak, pulling one another back all the time, 
and so increasing the restoring couple. The frequency must 
therefore be greater than it would be in the absence of one of the 
pendulums. When the pendulums are swinging in the same 
phase, the opposite is the case; the pendulums help each other 
to swing outwards, the restoring couple is decreased, and so the 
frequency is less than it would otherwise be. One can also see 
that the amount by which » and », differ from » depends on the 
strength of the coupling between the pendulums. For instance, 
if the string on which the pendulums are hung be fairly tight, and 
the two penduluins are hung very near to opposite ends of the 
string, then »; and » will not differ from » by as much as they 
would if the pendulums were hung nearer to the middle of the 
string. 

“It is on the existence of these two different frequencies 
and », that the slow exchange of energy from one pendulum to the 
other and back depends. If any system is capable of vibrating 
in a certain number of normal modes, then the most general vi- 
bration possible is obtained by superimposing these normal 
modes, one upon the other. In our case, if 6,, 0. are the angles 
through which the two pendulums have swung at any moment, 
then the equations, giving 6, and 2, for the first normal mode 
(when the two vibrate in phase) are 

6, = Acos2r(nt + a), 02 = A cos 2r(mt + a). 
In the second normal mode (in which the pendulums swing in 
opposite phase), 


6; = Bos 2r(vt + 8), —B cos 2n(vet + 8). 


A and B are arbitrary amplitudes, a, 8 are arbitrary phases. 
The most general possible vibration, obtained by adding together 
these two, is 


0 = 


Wil 


4 pe Qr(vit + a) + Bos 2r(v2t + 8) \ (ix) 


A 
0. os Qr(mt + a) — Bos 2r(vet + B) 
The angular velocities of both pendulums can be found by differ- 
entiating these equations with respect to ¢. Now suppose we 
start the system swinging at time ¢ = 0, with one pendulum 
at rest in its position of equilibrium, and the other pulled aside 
through an angle 6. Then at time ¢ = 0, say, we must have 


0, = 6 = 0,2 =C, & = 0. 


The constants A, B, a, 8 are therefore determined. We find 
that 


Writing (ix) in a slightly different form, then, we have for 6, 
at any time ?¢, 





— ar(2t*), ‘in 2n(# > = (x) 


A = 


and for 62 





6. = Ccos ar(” + \ cos an( >) 


(xt) 
Now, » and » are only slightly different from » and from each 
other. Therefore the second factor in (x) and (xi) has a very 
much longer period than the first. Each of the expressions 
(x) and (xz) then represents a vibration with frequency very 
nearly equal to v, and with varying amplitude 








C siny ( — ») a v2), 
cos 2e 


While the amplitude of the one increases, the amplitude of the 
other decreases. In fact, a measurement of the time that it takes 
for the energy to go over from one pendulum to the other and to 
come back again amounts to a measurement of 1; — ». If the 
coupling between the two pendulums is strong, this time will be 
shorter than if it were weak.” 


It is interesting to realize the interpretation of the 
expressions for 6, and 6. Figure 42 gives an illustration 
of such a vibration in which 


: ; { y 
A = y2=sm 2Qr vt + sin 2m — = Vo sin Qarvt 


where v/m = (v1, — v)/2, and vy = (y, + m)/2, and m = 
9. That is, the period (r = 1/v) of the vibration of 
frequency (v: — 2) is nine times that of the frequency 
(4, + ). The expression for 6 in equation (712) 
gives the same curve, but for ¢ = 0, it has a maximum 
value corresponding to the abscissa 7/2, instead of the 
value, 0, which is obtained in the case of 6; for ¢ = 0. 

















FIGURE 42.—PLOT OF THE FUNCTION y = sin 2zvt-sin 
2x (vt /9) 


IONIZED HYDROGEN MOLECULE 


As mentioned in Chapter III, an electron in a poten- 
tial “‘box’’ resembles in its behavior that of the electron 
in a hydrogen atom. The electron in the box possesses 
a series of discrete energy states because it is only for 
these states that stationary de Broglie waves are ob- 
tained by the reflection of the wave motion at the walls. 
For an electron between barriers a distance 2a apart, 
the energy states are given by the relation, 


m\*? h® 

Pa = (5) 

and according to equation (76), the eigenfunction for 
the lowest state, Fj, is 


(80) 


¢1 = 2A cos ax 


which determines the probability amplitude for the 
electron inside the barriers, while outside these barriers, 
the eigenfunction is 


ou, 1 = 2A cos aa-e+B(*—2) 
In these expressions, 


2 = SE. gp _ Se'u(U ~ B) 
| h? 
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where E = £, (in this case) and U ( > £) is the value 
of the potential energy dutside the barriers. 

Now let us consider the behavior of an electron in 
a potential energy field such as that shown in Figure 
43(a), which corresponds to two potential boxes adja- 
cent to each other.* Evidently, if the compartments 
are very far apart (relative to the dimensions of the 
compartments), the electron will remain for a very 
long period in that one of the regions in which it is 
placed. But as the distance between the boxes is de- 
creased, there will be an increasing probability of 
penetration from one region into the other, and for 
relatively small distances (of the order of the de 
Broglie wave-length) there is an equal probability for 
the occurrence of the electron in either box, if observa- 
tions are carried out over a sufficiently long period. 

This is due to the fact that the ¢-‘‘pattern’”’ for each 
energy state extends over all the space outside the 
barriers, and there will be a portion of the cosine curve 
in each compartment. In Figure 43(b) the curves 
MFK and NGH indicate the ¢-plots for the electron 
in each box when the two boxes are a distance 2) 
apart, where } is comparable with a; the ordinates of 
the exponential portions at the edge of the other box 
(BK or AH) are no longer vanishingly small. There is 
a possibility of interaction, analogous to that observed 
in the case of the two pendulums, and the two ¢- 
curves which were quite separate for the boxes at an 
infinite distance will merge into one. 

When we consider the problem of joining these two 
curves by a curve which shall be continuous and of 
finite amplitude at all points between the two boxes, 
it is seen that there are two solutions possible. These 
are shown in Figure 43 (b) and (c), corresponding re- 
spectively to the symmetrical and antisymmetrical 
modes of vibration or eigenfunctions. In the former 
case, the ¢-curves for each compartment are joined by a 
portion which corresponds to the hyperbolic cosine, 


3(# + ce) 


while in the second case the intermediate portion 
corresponds to the hyperbolic sine 


(e-em) 


(These functions have been discussed in Chapter 2, and 
illustrated in Figure 7.) 

Now let us consider first the symmetric case. The 
value of ¢ (for the lowest energy state) at A is given in 
the case of an electron in a single compartment, by the 
ordinate, AF = 2A cos aa, and the exponential part, 
FK, by the relation [equation (76) ], 


ou = 2A cos aa-e~B(x—4) 


cosh Bx = 


sinh Bx = 


where the origin of abscissa isat C. Hence at x = 2b + 
a, 





* See non-mathematical discussion of this case by R. W. 
Gurney, “Elementary quantum mechanics,’’ Cambridge Univ. 
Press, 1934, pp. 44-8. 
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gu = 2A cos aa-e~26b 


which corresponds to the ordinate BK. Since the ¢- 
patterns are symmetrical about O, BK = AH. The 
value of ¢ in the region AOB will be given by the sum of 
the values which are due to the exponential portions 
FK and GH.' This is indicated by the curve F’RG’, 
so that F‘A = FA + AH, and hence 


F’A = G’B = 24 cos aa(e~28 + 1). 


But if the function, ¢, and its derivative, d¢/dx, 
are to be continuous over the whole range of values of 
x, it is evidently necessary that the ordinate of the cosine 


7s 


—_ 


io ih & & 





FIGURE 43.—ILLUSTRATING THE Two EIGENFUNCTIONS FOR 
ELECTRON IN Two ADJACENT ‘‘BOXES”’ 


curve inside the box shall also be increased. That 
is, the ordinate AF’ must correspond to a value ¢; = 
2A cos a,a where a is different from a. In other words, 
the necessity for continuity of the ¢-pattern leads to a 
change in the value of a? = 87*yE/h*, and consequently 
to a change in the value of E for the energy state of the 


electron. We thus derive a relation between a; and a, 
of the form 

2A cos ma = 2A cos aa(1 + €~28)) 
that is, 





t This is an illustration of the application of the Principle of 
Superposition, discussed in Chapter ITI. 
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COS aa 
cos ad 


= 1 + ¢-26b (249) 
Thus cos aa is slightly greater than cos aa, and there- 
fore a, must be less than a. (cos 0 = 1, cos 7/2 = 0.) 
That is, the value E;, for the symmetric case, is less 
than E. Equation (249) may be expressed in a more 
convenient form thus: 

Let a1 = a — Aa, where Aa denotes a very small 
change ina. Then, 


cos (a — Aa@)a _ cos aa-cos (aAa) + sin aa-sin (a Aa) 








cos aa cos aa 
sin aa 
=1+ pas oat A) = 1 + Ba(Aa/a) (250) 


since cos (aAa} = 1, approximately, and sin (@Aa) = 
ada, approximately, and according to equation 
(74a), tan aa = B/a. From equations (249) and (250) 


it follows that 

Aa ¢€~2Bb 

a Ba 
Since 2a4a = 877u-AE/h? where AE = decrease in 
energy, it is evident that the last equation may be re- 
placed by the relation 


AE d, N-e ~47b/d 
Be wa 


(251a) 








(2516) 


h 2 ; 
where A = a represents a distance. 


V2u(U —E) 8B 
(Since U > E, the de Broglie wave-length is, of course, 
imaginary, but evidently we may calculate a value \ 
corresponding to the case U — E = positive quantity.) 
Thus, suppose 6 = a and \ = 4a = 4). Then, 


= 0.055. 





AE 4e"" 
E « 

If 2a = 2 X 10-8 cm., E = 9.15 electron-volts, as 
shown in Chapter III, and AE = 0.50 electron-volt. 
Since \ = 12.25 & 10-8/ VV em., where Vis the kinetic 
energy in electron-volts,* the value \(= 4a = 4 X 
10-8 cm.) corresponds to a value for U — E of (12.25/- 
4)? = 9.38 electron-volts. 

The antisymmetric case is treated quite similarly. 
The full curve Figure 43(c) shows the hyperbolic sine 
portion F’OG’. In this case, FA = FA — FF’ = 
FA — BK, so that we obtain the relation, 





* Since \ = h//2uE, and E = Ve, where V is the potential 
difference required in order that the electron shall acquire the 
given kinetic energy, it follows that 








Me 6.55 X 10-27 . 
~ (2X9 X 10-8 X 4.77 X 10719 V/300)'/2 
12.25 X 10-8 cm. 
VV 
where 
e = 4.77 X 107} electrostatic units 
Mw =9 X 10-% g. ‘ 
h = 6.55 X 107?" erg. sec. 
1/300 = conversion factor from ordinary volts to electrostatic 


units of potential 








COS aed 





cos aa at a (252) 

Hence a2 must be greater than a. That is, the value of 
Ea, the energy of the electron for the antisymmetric 
case, 1s greater than E, and as in the symmetric case it is 
seen that the increase in energy, AE, is given, as before, 
by equation (2510). 

Thus, it is seen that the original ground level, Fi, 
for the electron in the potential box, has become split 
into two by the presence of the other box adjacent to it. 
These two levels are equally spaced about the original 
level and, as is evident from equation (251b), the dif- 
ference between each level and the unaltered level is 
given by 


hE; 


SS... oe Sr V Zl — Bash 
wav 2u(U — E,) : ‘ 


(253) 
It will be observed that the exponential factor repre- 
sents the probability of penetration of the electron through 
the barrier between the two potential boxes. This 
is evident from the remarks in Chapter III, especially 
those relating to equation (98). Thus for d, very large, 
or U — E, infinitely great, the value of this probability 
becomes infinitesimally small, and AE tends to vanish. 

















FIGURE 44.— ILLUSTRATING THE ‘Two EIGENFUNCTIONS 


FOR ELECTRON IN IONIZED HyDROGEN MOLECULE 


(H.*). 


The bearing of these conclusions on the problem of 
the energy levels for the tonized hydrogen molecule 
(H+) is self-evident. The two potential barriers are 
represented by the two nuclei, and the single electron 
must fluctuate between the two coulomb fields which 
emanate from each nucleus. The potential ‘function 
(—e?/r) is indicated in Figure 447 by the two sets of 
hyperbolas which are joined in the center. The energy 
of the electron in the lowest state is given for the indi- 
vidual nucleus, as shown in the previous chapter, by 


—e?/(2a0), 
7 N. F. Mort, loc. cit., Fig. 10, p. 96. 


E = — 2rye*/h? = 
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where ad) = radius of normal Bohr orbit, and the 
eigenfunction is given by 


di = a a =) e-2r/o 


VT ao 


But when the two nuclei are brought together within 
a distance comparable with a,, the probability of transi- 
tion of the electron from one nucleus to the other be- 
comes appreciable, and consequently each energy level 
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becomes split up into two levels, very close together 
and only slightly different, of which Es is less than E, 
that is more negative, and Ez, lies above E, 1.e., is 
more positive.* Also corresponding to these two 
energy levels into which each original level is split, 
there are two separate modes of vibration, or eigen- 
functions, which are indicated in Figure 44 by ¢, (cor- 
responding to Es) and ¢2 (corresponding to E,). 





* See discussion by N. F. Mort, loc. cit. 





A SYSTEM of QUALITATIVE 
ANALYSIS jor the ANIONS 


J. T. DOBBINS anp H. A. LJUNG* 
Guilford College, North Carolina 


HE NEED of a systematic scheme for the sepa- 

ration and identification of the anions, similar 

to that for the cations, has long been realized. 
A few such schemes have been devised but none have 
come into general laboratory use in qualitative analy- 
sis. Practically all texts use the “‘spot’’ test with small 
portions of a ‘“‘prepared”’ solution to detect the presence 
or absence of the anions. The following scheme of 
analysis for the separation and identification of the 
anions, based upon oxidation-reduction theories, pro- 
vides a method whereby the interferences commonly 
met are entirely eliminated or reduced to a minimum. 


THEORETICAL 


Since there are quite a few pairs of the anions which 
are easily capable of undergoing oxidation and reduc- 
tion, and since it is possible that such ions may exist 
together in the original solid, it is essential that the 
influence of the hydrogen-ion concentration on oxida- 
tion-reduction reactions be kept in mind. Throughout 
the greater part of the scheme the test solution is never 
allowed to acquire greater acidity than that produced 
by the hydrolysis of some of the salts used as precipi- 
tating agents, and is, in some instances, made decidedly 
alkaline. That this is necessary is apparent from the 
following facts: 

(1) The original solution may contain both oxidizing 
and reducing ions which, in all cases, will react if the 
hydrogen-ion concentration becomes sufficiently great, 
and in other cases will react even in neutral and alka- 
line solution. If the hydrogen-ion concentration is 
held as low as possible, this interaction will be reduced 
toaminimum. The following are some of the possible 
mixtures in which interaction will take place when the 
hydrogen-ion concentration is great enough: (a) ar- 
senate and sulfite; (b) arsenate and iodide; (c) chro- 
mate and sulfite; (d) chromate and halogens; (e) chro- 





* An abstract of a thesis submitted by H. A. Ljung in partial 
fulfilment of the requirements for the degree of Doctor of Philoso- 
phy at the University of North Carolina, May 15, 1931. 


mate and sulfide; (f) nitrite and iodide; (g) chlorate 
and the halogens; (/) chlorate and sulfite. 

(2) In the removal of sulfur dioxide from the solu- 
tion before testing for arsenate and arsenite, the hy- 
drogen-ion concentration is held as low as possible to 
prevent interaction of arsenate and sulfite. 

(3) In identifying arsenate and arsenite the hydro- 
gen-ion concentration is regulated to prevent inter- 
ference. 

(4) The nitrite ion is identified in the presence of the 
nitrate ion by the ferrous ion in acetic acid solution. 

With these ideas and facts in view, the anions have 
been divided into groups according to their behavior 
with certain cations. The ions composing the various 
groups are then separated and identified by special 
tests. 


GROUP I 


Ions: carbonate, fluoride, oxalate, arsenate, arsenite, 
phosphate, and tartrate. These ions are precipitated 
as the calcium salts from alkaline solution. 


GROUP II 


Ions: sulfate and chromate. These ions are pre- 
cipitated as the barium salts from alkaline solution. 


GROUP LI 
Ions: cyanide, borate, ferricyanide, sulfide, and 
ferrocyanide. These ions are precipitated as the zinc 


salts from alkaline solution. 


GROUP IV 


Ions: thiosulfate, thiocyanate, iodide, bromide, and 
chloride. These ions are precipitated as the silver salts 
in solution slightly acid with respect to nitric acid, with 
the exception of the thiosulfate which is transformed 
into silver sulfide. 
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GROUP V 


Ions: chlorate, nitrite, and acetate. These ions are 
identified in the filtrate from Group IV without pre- 
cipitation. 

GROUP VI 


Ion: nitrate. The nitrate ion is identified in some 
of the original solution. 


EXPERIMENTAL 
Preparation of the Solution for Analysis 


The substance to be analyzed must be in the form of the sodium, 
ammonium, or potassium salts. The “prepared’’ solution is made 
in the usual manner by treating the solid substance with normal 
sodium carbonate solution, boiling, and filtering. The filtrate, 
or “‘prepared”’ solution, is then ready to be analyzed for Group I. 
In case the heavy‘metals are absent the ‘“‘prepared”’ solution is 
made by dissolving the sample in sodium hydroxide and water. 


Group I—Detailed Analysis 


Group I must be analyzed, for calcium hydroxide is always 
precipitated upon the addition of the group reagent, thus pro- 
hibiting the use of a suitable group test. If the color of the 
“prepared” solution indicates the possible presence of chromate, 
the procedure according to (a) must be followed; if not, the 
procedure according to (d). 

(a) The “prepared”’ solution is diluted to 50 cc. with water, 2 
ce. of 4N sodium hydroxide is added, and the anions are pre- 
cipitated completely with 2N calcium nitrate solution, filtered, 
and washed twice with water, and then with 5% ammonium 
hydroxide until free from the chromate ion. The filtrate is boiled 
to precipitate completely any sulfite or tartrate remaining in 
solution. Any precipitate obtained on boiling this solution 
should be combined with the group precipitate. The residue is 
then analyzed according to the scheme for Group I. The fil- 
trate, which contains Groups II-V, is reserved. 

(b) The “prepared” solution is diluted to 50 cc. with water, 
4N sodium hydroxide is added, and the anions are precipitated 
completely with 2N calcium nitrate, heated to boiling, filtered, 
and washed twice with water, and then until completely free 
from the nitrate ion. The filtrate, which contains Groups II-V, 
is reserved. The precipitate may consist of calcium carbonate, 
calcium fluoride, calcium oxalate, calcium sulfite, calcium ar- 
senate, calcium arsenite, calcium phosphate, and calcium tar- 
trate. The precipitate is then treated with 12.5% acetic acid, 
diluted with 25 cc. of water, filtered, and washed. 

Carbonate is identified in the group precipitate by an ef- 
fervescence upon the addition of acetic acid. In case it was 
necessary to make the “prepared” solution, the test for car- 
bonate must be made on some of the original solid as follows: 
to a portion of the solid is added a double quantity of potassium 
chlorate, water is added, thoroughly mixed, and dilute sulfuric 
acid isadded. An effervescence shows the presence of carbonate. 

Separation and identification of fluoride and oxalate: The 
residue which is insoluble in acetic acid is treated on the filter 
with dilute sulfuric acid and washed. 

Fluoride is identified in the residue by its etching action on glass. 

Oxalate is identified in the filtrate by the decolorization of 0.01N 
permanganate. 

The filtrate from the acetic acid treatment may contain the 
following ions: sulfite, arsenate, arsenite, phosphate, and tar- 
trate. 

Sulfite is identified in the filtrate by the formation of white 
crystalline mercurous chloride upon the addition of hot saturated 
mercuric chloride. 

If sulfite has been shown to be present, the remainder of the 
filtrate is boiled to expel the sulfur dioxide completely, as shown 
by the sulfite test. 

Arsenate is identified in the boiled filtrate by the formation of a 
brown coloration upon the addition of concentrated hydrochloric 
acid and solid potassium iodide. 








587 


Arsenite is identified in the filtrate after diluting to double 
volume by the decolorization of a few drops of 0.01N iodine. 

If either arsenate or arsenite has been shown to be present, the 
remainder of the filtrate is treated with solid sodium sulfite, 
made strongly acid with hydrochloric acid, heated to boiling, 
and the arsenic is completely precipitated with hydrogen sulfide, 
filtered, and the filtrate boiled to expel hydrogen sulfide. 

Phosphate is identified in the filtrate by the formation of a 
yellow precipitate upon the addition of ammonium molybdate 
solution. 

Tartrate! is identified in the filtrate after the removal of calcium 
with sulfuric acid. The solution is treated with 2 or 3 drops of 
normal cobalt nitrate, 4N sodium hydroxide is added until the 
solution takes on a permanent blue color, then 5 cc. in excess; 
heat to boiling and filter. A deep blue coloration in the filtrate 
shows the presence of tartrate. The observation must be made 
on the hot filtrate, for the blue color disappears on cooling. 

The sensitivity of the tests for the ions of Group I are as follows, 


expressed in milligrams per 10 cc.: COo....3 F....; C0;, 0.057; 


SOs, 0.080; AsO. 0.004; AsOs, 0.010; PO, 0.050; C,HiOx, 
0.004. 


Group II—Detatled Analysis 


Preliminary Test for Group II: A precipitate upon the addi- 
tion of 0.5N barium nitrate to the filtrate from Group I shows the 
presence of Group II. 

Sulfate is identified in the filtrate from Group I by the forma- 
tion of a white precipitate insoluble in water upon the addition of 
hydrochloric acid and barium nitrate. 

If Group II was shown to be present the entire filtrate from 
Group I is precipitated completely with barium nitrate, heated to 
boiling, filtered, and washed twice with water, and then until 
free from the nitrate ion. The filtrate, which contains Groups 
III-V, is reserved. The precipitate may consist of barium sul- 
fate and barium chromate. 

Chromate is identified in the residue by the formation of a 
yellow precipitate by treating with hydrochloric acid, neutralizing 
with ammonium hydroxide, and acidifying with acetic acid. 

The sensitivity of the tests for the ions of Group II are as 


follows, expressed in milligrams per 10 cc.: SO, 0.018; CrO,, 
0.020. 


Group III—Detatled Analysis 


Preliminary Test for Group III: A precipitate upon the addi- 
tion of normal zinc nitrate to the filtrate from Group II and 
boiling shows the presence of Group III. A change in color of 
the solution during precipitation indicates that the ferricyanide 
has been reduced. In such cases ferricyanide must be identified 
with the ferrous sulfate test in the filtrate before precipitating 
the group. There are instances when the ferricyanide will be 
reduced upon dissolving the sample, and such cannot be avoided 
by this scheme. ; 

If the preliminary test is positive, the filtrate from Group II is 
treated with 0.3 to 0.4 g. of solid sodium carbonate, and the 
group is precipitated completely with zinc nitrate in excess, 
heated to boiling, filtered, and washed twice with water, and then 
until free from the nitrate ion. The filtrate, which contains 
Groups IV-V, is reserved. The precipitate may consist of zinc 
cyanide, zinc borate, zinc ferricyanide, zinc sulfide, and zinc 
ferrocyanide. . 

Separation and identification of cyanide and borate: The group 
precipitate is treated with 12.5% acetic acid on the filter and 
washed. The acetic acid solution is treated with 6N ammonium 
hydroxide and ammonium polysulfide, acidified with hydrochloric 
acid, boiled, and filtered. 

Cyanide is identified in the filtrate by the formation of a red 
coloration upon the addition of 10% ferric nitrate. 





1 TocuER, ‘Detection of citrates and tartrates (and malates).” 
J. Chem. Soc., 90, ii, 813 (1906). 
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Borate is identified in the filtrate by the turmeric paper test. 

Separation and identification of ferricyanide: The residue is 
treated on the filter with 6N ammonium hydroxide, and the solu- 
tion allowed to pass into dilute hydrochloric acid. 

Ferricyanide is identified in the filtrate by the formation of a 
blue coloration or blue precipitate upon the addition of ferrous 
sulfate. 

Sulfide is identified in the residue by the formation of a black or 
chocolate color upon the addition of sodium plumbite. 

Ferrocyanide is identified in the residue by the formation of a 
reddish brown precipitate after the residue has been decomposed 
with: sodium carbonate, acidified with hydrochloric acid, and 
normal copper sulfate has been added. Upon acidifying it is 
necessary that the solution be cool, as ferrocyanic acid is decom- 
posed by carbonic acid in hot solution. 

The sensitivity of the tests for the ions of Group III are as fol- 


lows, expressed in milligrams per 10 cc.: CN, 0.015; BO, 0.800 
Fe(CN)s, 0.063; S$, 0.037; Fe(CN)s, 0.200. 
Group IV—Detailed Analysis 


Preliminary Test for Group IV: A precipitate upon the addi- 
tion of 5% silver nitrate to the filtrate from Group III shows the 
presence of Group IV. 

If the preliminary test shows the presence of thiosulfate, which 
is indicated by the formation of a white precipitate, changing 
color from white to yellow to orange to red to black, the filtrate 
from Group III is made alkaline with 6N ammonium hydroxide, 
1 cc. in excess is added, and complete precipitation is effected 
with silver nitrate, the system is heated to boiling, made faintly 
acid with nitric acid, filtered, and the precipitate washed. If 
thiosulfate did not show up in the preliminary test, the treat- 
ment with ammonium hydroxide may be omitted. This treat- 
ment with ammonium hydroxide is essential for the reason that 
as silver thiosulfate is hydrolyzed the solution becomes dis- 
tinctly acid. If the solution is allowed to become too acid, reduc- 
tion of chlorate takes place. The filtrate, which contains Group 
V,isreserved. The precipitate may consist of silver sulfide, silver 
thiocyanate, silver iodide, silver bromide, and silver chloride. 

Thiosulfate is identified by the formation of a white precipi- 
tate which changes color almost immediately through yellow, 
orange, andred and finally to black upon the addition of the group 
reagent. 

Thiocyanate is identified in the residue by the formation of a 
red coloration in the supernatant liquor upon the addition of 2N 
ferric chloride. 

The remainder of the group precipitate is treated with am- 
monium polysulfide, heated to boiling, acidified with sulfuric acid, 
boiled, filtered, and washed. 

Iodide is identified in the filtrate after making alkaline with 
ammonium hydroxide and acidifying with acetic acid by the for- 
mation of a purple coloration in an organic solvent by the action 
of sodium nitrite. An excess of sodium nitrite must be avoided 
as interaction of nitrite and thiocyanate will produce an inter- 
ference. 

Separation of thiocyanate and iodide: The remainder of the 
filtrate is made alkaline with ammonium hydroxide, then just 
acid with sulfuric acid; 5 cc. of acid is added in excess, the solu- 
tion is diluted to 50 cc., sodium sulfite is added. Heat to about 
60°, and effect complete precipitation with normal copper sul- 
fate, filter, and wash. 

Preliminary Test for Bromide and Chloride: A precipitate upon 
the addition of silver nitrate to the filtrate indicates the presence 
of bromide or chloride. 

Bromide is identified in the filtrate by the formation of a brown 
coloration in an immiscible solvent after oxidizing with 0.01N 
permanganate. 

The remainder of the filtrate is precipitated completely with 
silver nitrate, filtered, and washed. The residue is treated on the 
filter with ammoniacal silver nitrate which is 0.01 with respect 
to silver nitrate and 0.25 with respect to ammonium hydroxide. 

Chloride is identified in the filtrate by the formation of a white 
precipitate upon the addition of nitric acid. 
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The sensitivity of the tests for the ions of Group IV are as fol- 


lows, expressed in milligrams per 10 cc.: S.0s, 0.007; CNS, 


0.080; I, 0.050; Br, 0.222; Cl, 0.066. 


Group V—Detatled Analysis 


The ions of this group are identified in the filtrate from Group 
IV by special tests. The filtrate from Group IV is treated with 
solid sodium carbonate, heated to boiling,-concentrated, filtered, 
and washed. ‘ 

Chlorate is identified in the filtrate made acid with nitric acid 
by the formation of a white precipitate upon the addition of 
silvernitrate after reduction with sodium nitrite. 

Nitrite is identified in the filtrate by the formation of a brown 
coloration upon the addition of ferrous sulfate after acidifying 
with acetic acid. 

Acetate? is identified in the acidified filtrate by the formation of 
an intense blue coloration upon the addition of 5% lanthanum 
nitrate, a few drops of 0.01N iodine, and normal ammonium 
hydroxide to faint turbidity. If the blue color does not develop 
before or on becoming turbid the solution is boiled and allowed 
to stand. A blue color will develop if acetate is present. If 
borate has been shown to be present, the test for acetate must 
be performed as follows: the filtrate is distilled with sulfuric 
acid, and acetate identified in the distillate by the above tests. 

The sensitivity of the tests for the ions of Group V are as fol- 
lows, expressed in milligrams per 10 cc.: ClO;3, 0.065; NOx, 


0.009; C2H;3O., 0.470. 


Group VI—Detailed Analysis 


This group contains only the nitrate ion which is identified in 
some of the original ‘“‘prepared”’ solution. 

Preparation of solution for nitrate test: The “‘prepared’’ solu- 
tion is precipitated completely by successive additions of 0.5N 
barium nitrate and saturated silver acetate, heated to boiling, 
and filtered. The filtrate is treated with solid ammonium chlo- 
ride, evaporated almost to dryness, taken up with water, and the 
operation is repeated. In case nitrite has been shown to be ab- 
sent this treatment with ammonium chloride may be omitted. 

Nitrate is identified in the acidified filtrate by the usual fer- 
rous sulfate test after reduction of the chlorate with sodium 


sulfite. 
The sensitivity of the test for the nitrate ion in Group VI is as 


follows, expressed in milligrams per 10 cc.: ‘NO, 0.410. 


SUMMARY 


A systematic scheme for the separation and identi- 
fication of the anions has been developed. This scheme 
uses as its basis the theories of oxidation and reduction, 
which stress the influence of the hydrogen-ion concen- 
tration. By control of the hydrogen-ion concentration 
of the test solutions, the interferences commonly met in 
the anion analysis have been eliminated to a very great 
extent, thus making it possible to separate and identify 
all of the common anions without undue interference. 
There are a few cases wherein interference has not been 
overcome completely. 

The applicability of this scheme has been shown by 
the numerous test analyses and by the determination 
of the sensitivity of the test for each ion, both alone and 
in the presence of large amounts of other ions. 





2 KRUGER AND TscuircH, “Die Blaufarbung des ‘basichen 
Lanthan-acetats’ mit Jod. Eine hochempfindliche Reaktion 
auf Acetat-Ion,’”’ Ber., 62B, 2776 (1929). 
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The DETERMINATION of CHEMICAL 
EQUIVALENTS by the 


EUDIOMETER METHOD 


AN EXPERIMENT FOR GENERAL CHEMISTRY STUDENTS 
A. T. LINCOLN anp H. P. KLUG 


Carleton College and University of Idaho 


HE RECENT tendency has been to increase the 
5 ieee of quantitative work in the general chem- 

istry course, thus calling for more refined appa- 
ratus, and demanding much more careful manipulation 
by the student. Replacing the usual equipment with 
accurate balances and other pieces of apparatus essen- 
tial to quantitative work is expensive, and with the 
large classes taking elementary chemistry the initial 
cost and upkeep seem almost prohibitive. 

The degree of accuracy required in order to make 
these experiments justified requires a manipulative 
skill possessed by few beginning students. To acquire 
this to a sufficient degree may mean repeating the ex- 
periment several times. A satisfactory quantitative 
experiment will be one which can be carried out in a 
reasonably short time, thus permitting some repetition 
without requiring extra time of the student outside of 
laboratory hours. This is of importance, in considera- 
tion of the closely packed programs of most general 
chemistry laboratories, if the question as to the relative 
values of this or some other exercise is not to arise. 

Another question in connection with quantitative 
experiments deals with the extent of the calculations 
and interpretations of the data to be made by the 
student. It is well known by all teachers of general 
chemistry that students have great difficulties with 
these simple numerical calculations. Despite the fact 
that the calculations are time-consuming, and require 
considerable work of the instructor to find the students’ 
mistakes, show them how to set up their equations, 
etc., we feel it is time most valuably spent. 

The following experiment for the determination of 
chemical equivalents has been in use at Carleton Col- 
lege for the past ten years, and it has occurred to us that 
possibly others might like to utilize it. We feel it is a 
thoroughly satisfactory quantitative experiment since 
the chemical principles illustrated by it are important, 
the calculations and interpretation are not too difficult, 
the laboratory manipulation is short enough to permit 
repetition if necessary, and finally the equipment is not 
so expensive as to be prohibitive. As this is probably 
one of the most common quantitative experiments 
employed in general chemistry, we have thought it 
would be of interest to present, in conjunction with the 
description of our method, the limitations of the method 
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as shown by a careful study of the results obtained by 
students. We have, therefore, carried on over several 
years a careful supervision of the work of the students 
to ascertain not only their limitations but that of the 
method as well. 


DESCRIPTION OF THE EXPERIMENT 


The type of apparatus* that was finally developed is 
represented in the accompany- 
ing figure. This consists of an A 
especially designed small Er- - 
lenmeyer flask of about 20-ml. 
capacity with a side-tube (made 
from 7-mm. tubing) attached 
at the bottom.j The neck of 
the flask is of such a size (about 
10 mm.) that a 100-ml. eudiome- 
ter tube will slip over it. The 
flask is placed in a 250-ml. or 
400-ml. beaker and a thistle 
tube is attached to the side- 
tube of the small flask by a 
piece of rubber tubing carry- 
ing a pinchcock. : 

Samples of magnesium should 
weigh about the same number -* 
of milligrams as the number 
of millimeters of hydrogen gas 
desired, while the weight of 
zinc should be about 2.5 times ‘ 
as great for the same volume 
of gas (uncorrected). Be- 
fore placing the metal in the 
Erlenmeyer flask see that the 
apparatus is completely filled Fi jag 
with distilled water and that Cuemicat Eguiva- 
all air has been driven out LENTS 
of the rubber connections. 
Have the eudiometer filled with water and inverted 
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* A more detailed description of the apparatus and the pro- 
cedure will be found in ‘‘Laboratory manual in general chem- 
istry’ (to accompany LINCOLN AND BANKs, ‘‘General chemistry’’), 
by A. T. LINCOLN AND G. B. Banks, Prentice-Hall, Inc., New 
York City. 

{ These special Erlenmeyer flasks were made for us by the 
Central Scientific Co., Chicago, Ill. 
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over the beaker. Now wrap the weighed piece of 
metal in a piece of 60-mesh copper wire gauze about 
one inch square, securing the ends so that none of the 
metal can escape (small bits of the magnesium espe- 
cially tend to float out). Moisten with water to re- 
move all the air from the gauze and replace it with 
water. Now introduce the metal wrapped in gauze 
into the small flask, and place the inverted eudiometer 
over its neck. Place about 15 ml. of commercial hy- 
drochloric acid in the thistle tube. Open the pinch- 
cock and run in slowly a little acid to start the reaction. 
Do not introduce the acid too fast as the hydrogen may 
be evolved so rapidly that it cannot get up the eudiom- 
eter and may come out underneath and be lost. 

After the reaction has nearly stopped add more acid, 
being particularly careful not to run out all the liquid 
from the thistle tube thus introducing air into the 
hydrogen. It is well to fill the thistle tube with water 
to prevent this. 

After the reaction is complete transfer the eudiom- 
eter tube of hydrogen to a tall cylinder of distilled 
water. Clamp the tube so that the surface of the liquid 
inside is at the same level as that outside. After ten to 
fifteen minutes read the gas column as accurately as 
possible, employing the under surface of the meniscus. 
Also read the temperature of the air and take the 
barometer reading. The student is instructed to record 
all these readings in permanent form as the data of the 
experiment to be used in the subsequent calculations. 


CALCULATIONS 


To show the quantitative relationships it is necessary 
that all the data be as accurate as possible. Because 
of the inexperience of the students, we give them 
samples carefully weighed by the instructor on the best 
quantitative balances. It is the duty of the student to 
calculate from the volume of hydrogen obtained the 
weight of the metal sample issued to him. He takes 
this value to the instructor, gets the actual value, and 
then calculates the percentage error. He is asked to 
calculate the following values from his data, remember- 
ing that the gas is collected over water and that a 
correction must be made for the vapor pressure of water: 
(1) the weight in grams of hydrogen gas liberated, 
(2) the weight of the sample necessary to yield this 
weight of hydrogen, (3) the percentage error as indi- 
cated by comparison of this value with the weight 
recorded by the instructor, (4) the number of grams of 
the metal sample equivalent to eight grams of oxygen, 
(5) the number of grams of hydrogen which would have 
been liberated if a gram atomic weight of the sample had 
been used. 

In some laboratories the instructor may desire to 
have the student weigh his own sample, in which case 
the necessary changes in the requirements are obvious. 
We feel that unless the balances available for the stu- 
dent are of the best analytical quality the student must 
be furnished with weighed samples. 
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DISCUSSION OF STUDENT RESULTS 


In the accompanying table will be found some of the 
actual results obtained by the students. 


STUDENT RESULTS 


Metal Weight of Metal Difference Percentage 

Calc. by Student By Balance Error 
Zine 
1 0.21632 0.2161 0.00022 0.09 
2 0.20002 0.2002 0.00018 0.09 
3 0.20424 0.2053 0.00106 0.51 
4 0.18377 0.1836 0.00017 0.09 
5 0.21407 0.2143 0.00023 0.10 
6 0.19865 0.1989 0.00025 0.13 
7 0.21347 0.2131 0.00037 0.17 
8 0.2070 0.2060 0.00100 0.48 
9 0.2080 0.2055 0.00250 1,22 
10 0.19108 0.1922 0.00114 0.59 
Magnesium 

1 0.05878 0.0589 0.00012 0.20 
2 0.08051 0.0805 0.00001 0.01 
3 0.07781 0.0779 0.00009 0.11 
4 0.07952 0.0795 0.00002 0.03 
5 0.08639 0.0866 0.00021 0.22 
6 0.08436 0.0846 0.00024 0.28 
7 0.07101 0.0712 0.00019 0.26 
8 0.08259 0.0822 0.00039 0.48 
9 0.06645 0.0670 0.00055 0.82 
10 0.07962 0.0787 0.00092 1.37 


These data suffice to show the character of the re- 
sults obtainable. From a study of the percentage 
errors of the student results we have found that ap- 
proximately two-thirds of the students will have errors 
smaller than 0.25%. Also there will be extremely few 
students with errors over 0.50%. The limit of error to 
be required of the student might well be set at 0.50%. 
Of course the results from the zinc samples tend to be 
more accurate, with a larger number of students having 
an error near 0.10%. Most of the results in error by 
more than 0.50% were obtained on the student’s first 
trial, and a second trial will almost invariably reduce 
his errors to less than 0.50%. 


MORE PROBABLE SOURCES OF ERROR 


As previously emphasized, the student’s chief diffi- 
culty lies in the arithmetical calculations. It is rare not 
to find some error in the student’s calculations. Our 
first step is to always check carefully his calculations. 
Very few students can use a slide-rule or logarithms, so 
that the laborious mechanical process of calculation 
with its attendant inaccuracies is usually employed. 
Students, of course, do not know how many figures to 
retain or drop in their calculations to insure accuracy 
to tenths of a per cent. Since their values usually 
involved the fourth and fifth decimal places these have 
been utilized to compare with the set of exact weighings 
that were made of our known samples, and further to 
ascertain to what accuracy the samples should be 
weighed in order to justify a certain percentage ac- 
curacy demanded of the student. 

Assuming the usual amount of magnesium taken 
(0.08 g.) and an average amount of gas (80 ml.), a 
variation of approximately 1° in reading the room 
temperature would represent an error of approximately 
0.35%. <A variation of +2% is possible if the measur- 
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ing cylinders are placed near windows in the winter 
season, or if uncalibrated thermometers are used. 

If we assume that an error of 0.2 ml. in the volume of 
approximately 80 ml. is made, this would represent an 
error of about 0.25%. As many of the eudiometers are 
divided to !/; ml., the students find it easy to make an 
error in reading the volume of the gas. If these two 
data are in error at the same time it is then possible to 
have an error of about 0.9% or 0.4%, depending upon 
the particular combinations of the factors controlling 
the source of errors introduced. 

Then there is the error in the weight of the sample. 
A variation of 0.5 mg. in the weight of zine and 0.2 
mg. in the weight of magnesium represents an error of 
approximately 0.25%. So when the student himself 
weighs the sample to the nearest milligram, as many 
directions state, and on the usual type of balance 
utilized in laboratory work in general chemistry, with 
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his inexperience with such delicate manipulation, he 
cannot be held to a very high degree of accuracy. 

Now the question arises, if such exercises are to 
emphasize exact quantitative relationships in chemis- 
try, should they not be of a sufficiently high degree of 
accuracy to demonstrate to the student that these ma- 
terials are related in a demonstrable quantitative 
manner? 

This type of exercise is among the first that he meets 
emphasizing the quantitatively exact nature of the 
science of chemistry. It is therefore important to put 
some evidence before him in such a way as to impress 
him with the exactness of the verification of the state- 
ments that have been made, and to begin the emphasis 
of what we understand by the scientific method. It is 
for these, among other reasons, that we prefer to give 
the students accurately weighed samples for the de- 
termination of the chemical equivalents of elements. 





AN EFFICIENT FUME HOOD 
GEO. W. MUHLEMAN 


Hamline University, Saint Paul, Minnesota 


HE author has previously published in Industrial 

and Engineering Chemistry [17, 316 (1925)] 

on chemical hoods. During the summer of 
1934 he was privileged to construct a fume hood which 
may be bluntly described as ‘“‘fool-proof.’”’ The ac- 
companying photograph gives a general idea as to the 
construction and appearance. 

















As is to be noted the hood is built on top of the labora- 
tory table and is made up of eighteen individual hoods. 
There is a space of 12 inches between the top of the 
table and the bottom of the hood, 7. e., room enough for 
gas and. water pipes to be installed for Bunsen burners 
and water pumps. Each individual hood is 22 inches 


long, 16 inches high, and 11 inches deep. There was no 
especial reason for these particular lengths other 
than the necessity to supply each of the eighteen stu- 
dents, assigned to the laboratory table, a hood. The 
height admits a tripod upon which may be placed a 
400-cc. beaker. 


At the top of each hood and as near 





the center as possible is a hole 3 inches in diameter. 
This hole opens into a vent 11 by 3 inches which ex- 
tends the entire length of the hood. On top of the 
hood in the very center is a '/s-H.P. motor which 
drives the exhaust fan. The fumes are driven to the 
outside of the building through a six-inch pipe. The 
interior was painted with asphalt paint. 

The criticism that wood construction constitutes a 
fire hazard may very properly be offered. But this 
hood was constructed as an experiment. At the end 
of a semester’s use it may be reported that the hood 
has been found to be mechanically perfect and very 
efficient and warrants the construction of a similar 
hood of non-combustible material. 

Each individual compartment has a door hung from 
the top by spring hinges, which insures that all doors 
to the hood will be kept closed. Each door is fitted 
with a small window glass, 5 by 5 inches, so that the 
student may observe the progress of his evaporation, 
precipitation, or digestion. A small hole in the bottom 
of the hood allows the passage of the rubber hose for 
the Bunsen burner to the gas cock on the outside. The 
fumes from the eighteen hoods, when in full operation, 
are efficiently carried to the outside by the fan. As is 
obvious, the heated fumes from each of the eighteen 
hoods would naturally have a tendency to rise and per- 
haps produce some upward pressure so as to supple- 
ment the pull produced by the fan. In other systems of 
ventilation when the attempt is made to ventilate the 
entire laboratory an extra drain is made upon the heat- 
ing plant, due to the amount of cold air that must be 
heated to take the place of the air blown from the room. 
With this type of hood almost enough heat is produced 
within the hood to develop sufficient hot air currents to 
force noxious fumes to the outside. 

This paper is submitted with the hope that the de- 
vice described may be of interest to some teachers in 
schools and colleges whose ventilation problems demand 
a simple, cheap, but efficient hood. 








MATHEMATICAL PROBLEM PAGE 


Directed by EDWARD L. HAENISCH 


Montana State College, Bozeman, Montana 


F wu is a function of two or more variables, 7. e., u = 
f(x,y,2 ...), (0u/Ox)y. .. is obtained by differ- 
entiating « with respect to x keeping 4,2, . . . con- 

stant. The total differential du is: 


ou Ou Ou 
a= ot ve. il + ($=) dy + (#)... * (A) 


It is sometimes convenient to write this statement in 
the form: 


du _ (2 ou) dy, (du) ds 
dx (=)... + oe es.. dx + (= Vey. dx (B) 


The higher partials are independent of the order of 
differentiation, 7. e., 








07u O7u 
Oxdy OO (C) 
REFERENCES 


DANIELS, p. 174 
LEWIS AND RANDALL, p. 27 
MELLOR, p. 68 


PROBLEMS 

1. Find du if u is 

(a) sin (x + y) 

Show that (C) is true for 
(a) xy? + 4xyt 


3. If x*y + yx — xy = 0, find dy/dx. 
Use (A) but recall that here du = 0.) 


a 27). as (37) ee (37) ae 
p v 


sume that U = f(T, V) and show that for a perfect 
gas Cy — C, = R._ A perfect gas is one which obeys 


bV = nRT and for which (°F). == Q. 


(b) x (c) ye* + xev 


to 


(b) e siny 
(Hint: 


SOLUTIONS TO NOVEMBER PROBLEMS 


1. (a) Acount of the squares gives a value of 3.65 for the area. 
(b) ['/o—1) + (—0.125) + 0 + 0.125 + 1 + 3.875 + 
1/.(8)] 0.5 = 3.94 
(c) 1/s[(—-1 + 8) + 4(—0.125 + 0.125 + 3.375) + 
2(0 + 1)] 0.5 = 3.75 


3, adh = ee = — =§& 5 
(d) ay x8dx | , 3.75 


In order of increasing accuracy the rank is trapezoidal rule, 
counting squares and Simpson’s Rule. (Figure 1.) 

2. Application of Simpson’s Rule with intervals of Ax = 0.1 
gives: 


1/;[(1.000 + 0.500) + 4(0.909 + 0.769 + 0.667 + 0.588 + 
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FIGURE 1 


0.526) + 2(0.833 + 0.714 + 0.625 + 0.555) J0.1 = 0.6930. 
The In 2 is 0.6932. 

A count of the squares under the curve as shown in Figure 2 
gives 0.217 for AS for one gram or 32 X 0.217 = 9.23 for one 
mole. Care must be taken to apply the proper conversion 
factor from logarithms to the base 10 to natural logarithms 
(or the plot may be made directly with In JT). When curves 
are plotted on a scale such as has been used here sometimes 
an error is made by not including the total area down to the 
0 of the C, axis. 
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4s Niche. 9.64 _ 9.64 N,  _ . 
dl, = - = ai: ff dl: = — — dl. Since at 
N2 o) fo) 2 ss 
= s 9.64 N, _ 
o, Le = Owehave Le = — N, dl,. We must determine 
oo 2 


the area under a curve plotted with Z; values as abscissas and 


N; ‘ : 
o values as ordinates. Let us make the assumption that 
2 


the area past a value of s = 154 can be neglected. This, of 
2 
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course, introduces a distinct error. The cross-hatched area 
(Figure 3) must be subtracted from the total area under the 
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top curve. A count of the squares gives I, = —654 (the 
value of Z, determined by more exact means is —605). 


5. yY = do + ax + a2x? 


Area for ise ice 
first two = f ydx = f (do + ax + a2x?)dx = 
P —Ax —Ax 
intervals 


= (Gay + 2a» Ax?) (A) 


Since y; is the value of y atx = — Av, y, at x = 0 and ys 
at x = Ax we have 
N= A—- a, Ax +. a, Ax? 
yo = do 
¥s = do + a, Ax + a2, Ax? 
Ys + 1 — 292 
2 Ax? 
By the use of these values of ap and a2 in (A) we have 
Area for 
first two = y (yn + 492 + ys) 
intervals 


and we have dp = ¥2 and a2 = 


If we apply the same process to the next two intervals (or for 
ordinates 3, y4, and y;) we have 


Area for Ax 
3rd and 4th = 3 (ys + 494 + ys) 
intervals 


Or, by the addition of the area for the four intervals. 


Ax 
AREA = = (nn + 4y2 + 295 + 49 + 99) 





FIFTEENTH EXPOSITION OF CHEMICAL INDUSTRIES 


During the forthcoming Fifteenth Exposition of Chemical 
Industries at Grand Central Palace, New York, December 2nd 
to 7th, inclusive, the Course of Lectures for Students of Chemistry 
will again be conducted by the Educational Division of the 
Exposition under the Chairmanship of Dr. W. T. Read, a mem- 
ber of the Exposition Advisory Committee and Dean of Chemis- 
try at Rutgers University. 


The preliminary program as announced includes the following: 


Monday, December 2nd, 2.30 P.M. 


Discussion by Dr. Read on ‘‘What There Is to See in the Exposition and 
How to See It.” 


Tuesday, December 8rd, 9.00 A.M. 
A. W. Hixson, ‘‘Critical Periods in the Life History of Chemical Processes.”’ 
A. E. Marshall, ‘'1950.”’ 
H. E. Howe (subject to be announced). 


Wednesday, December 4th, 9.00 A.M. 
G. J. Esselen, ‘‘Chemical Research as Business Insurance.”’ 
E. R. Weidlein, ‘‘Whither Industrial Research?” 
A. C. Fieldner (subject to be announced). 


Thursday, December 5th, 9.00 A.M, 
J. G. Vail, “Silicate Solutions in Industry—Finding New Ways of Using 
hem.” 
F. G. Bryer, ‘‘The Profession and the Depression.”’ 


Friday, December 6th, 9.00 A.M. 


Williams Haynes, ‘‘Chemicals in Commerce.”’ 

Gustav Egloff, ‘‘Modern Cracking Processes.’’ 

8. D. Kirkpatrick, ‘‘Why an Award for Chemical Engineering Achieve- 
ment?”’ 


Saturday, December 7th, 9.00 A.M. 


H. C. Parmelee, ‘‘Professional Development.” 
W. S. Landis, ‘‘Chemistry and Economics.”’ 


Other speakers will also be included in the program but at the 
time of going to press the titles and periods have not been deter- 
mined. Crosby Field will speak on ‘‘The Effect of Changing 
Economic Conditions on the Young Chemical Engineer.’’ Florence 
E. Wall will preside as chairman over a program devoted to dis- 
cussion of “‘Women’s Place in Chemistry.” 

Special cards for admission to the morning program must be 
secured in advance. 

Each afternoon of the week at 1.30 P.m., except Monday 
(2.30 p.m.), there will be a lecture for the prime benefit of stu- 
dents of chemistry who have had little previous training to in- 
form them on ‘‘What There Is to See in the Exposition and How 
to See It.” . 

The Educational Division will furnish Information Service for 
Faculty Members in charge of student groups but cannot under- 
take to furnish guide service for individuals or unattached groups. 
Faculty members who wish information of any sort should write 
out their questions and leave them for Dr. Reed at his desk. 
He will secure the information for them as quickly as possible. 

A Committee of teachers and chemical engineers in the Metro- 
politan area are coéperating in preparing plans for conference and 
round table discussions, probably to be supplemented, by some 
special lectures for advanced and graduate students in chemical 
engineering in the afternoon. : 

A teachers’ subscription luncheon is being planned, probably 
for Saturday, December 7th, to be followed by a program of Ex- 
position speakers. 
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KEEPING UP WITH CHEMISTRY 


The soap and detersive industry. M. H. Itrner. Ind. 
Eng. Chem., 27, 756-8 (July, 1935).—Development of the soap 
industry was a gradual process. At the beginning of the 19th 
century most soap was made in the home from fat scraps, using 
lye recovered from wood ashes. The discovery of a method for 
making cheap caustic and the concentration of meat packing in a 
few large plants aided the soap industry. The recovery of glyc- 
erin helped reduce the cost of the finished products. Scarcity 
of fats and high duty necessitated the use of alkaline builders, 
such as sodium carbonate, silicate, or phosphate, which were 
later found to increase the actual washing value. Various types 
of aqueous saponification of fats using little or no alkaline or acid 
catalytic saponifying agent and resulting in fatty acids and 
glycerol, have commanded the attention of soap and candle 
makers for more than seventy-five years, and gradual improve- 
ments have rewarded their efforts. The distillation of fatty 
acids has gradually been improved upon until now there are 
several systems of obtaining high-grade distilled fatty acids, each 
system being so satisfactory that its advocates are inclined to 
ignore the success of others in the same field. The process of 
saponification is old and is generally looked upon as susceptible of 
little change or improvement. It has now been found that what 
might be called ‘dry saponification” is altogether practicable 
and that dry fats may be saponified by anhydrous alkaline mate- 
rials with the aid of dry superheated steam, in the absence of 
liquid water, giving anhydrous soap and concentrated glycerol; 
the saponification is rapid and complete, and the recovery of 
glycerol is complete. Sodium salts of certain organic acids or 
sulfates of alcohols are being developed for use in place of soaps. 
They are readily soluble in water and make suds resembling soap- 
suds. They work in neutral acids or basic solutions, and possess 
some advantages in cleaning natural silk and preparing fibers 
for dyeing. They are suitable for use with hard water as no ob- 


jectionable precipitates are formed. The long-proved value of 
soap and its low price make it improbable that these new cleansers 
will displace it for ordinary cleaning. DsGC.L. 
Caustic soda recovery in the rayon industry. J. A. LEE 
Chem. & Met. Eng., 42, 482-3 (Sept., 1935).—For every pound of 
viscose rayon produced approximately 11/, pounds of caustic soda 
is used. For many years, for every pound of caustic actually 
utilized in the conversion one pound of caustic was thrown away. 
This loss can now be almost entirely overcome by the use of a 
Cerini dialyzer. This dialyzer removes over 90 per cent. of the 
dissolved hemi-cellulose and practically all the carbonates, metal- 
lic impurities, and shreds of pulp. It functions on the principle 
of the osmotic exchange which takes place between solutions of 
different concentrations when separated by a semipermeable 
membrane: Each diaphragm assembly consists of a spirally 
woven mattress inside a flat cloth bag and two rigid wire frames 
or grids placed on either side to form a sandwich construction. 
J. W. H. 
Rayon made experimentally from southern pine. D. Y. 
BRANNOCK, H. BUNGER, AND E. Doup. Chem. & Met. Eng., 42, 
486 (Sept., 1935).—A domestic source of rayon pulp is desirable. 
As a result much experimental work has been done on southern 
pine. It has now been demonstrated that rayon can be made 
from this material and optimum conditions of time, tempera- 
ture, and concentration are being worked out. j. W.. F 
Chemical engineering applications of structural carbon. R. S. 
McBripe. Chem. & Met. Eng., 42, 503 (Sept., 1935).—Carbon 
as a material of construction in chemical engineering has the 
following advantages: resistance to solvent action; resistance to 
oxidation; workability with ordinary tools; low bulk density; low 
coefficient of thermal expansion; combination of properties 
particularly important for tank linings. J. W. H. 


APPARATUS, DEMONSTRATIONS, AND LABORATORY PRACTICE 


Rubber stoppers. N. W. Matruews. Chem. Analyst, 24, 
20 (July, 1935).—Frequently a rubber stopper becomes firmly 
cemented to glass or metal tubing and the stopper must be cut to 
remove it. The tubing can readily be removed if a little 95% 
alcohol is poured around the tubing at the stopper and allowed to 
soak a few minutes. Dec, 

An improved stopcock grease. L. C. Case. Chem. Analyst, 
24, 18 (July, 1935).—Ordinary stopcock grease can be improved 
by melting and stirring in a little finely powdered graphite. 
This makes for better lubrication and longer service, and pre- 
vents the freezing of stopcocks, since the graphite remains and 
allows slippage of the glass surfaces. ih See oe 


Another quantitative experiment for high-school chemistry. 
D. ParKER. Sch. Sct. Math., 35, 173-4 (Feb., 1935).—A deter- 
mination of the formula of black copper oxide by reducing it with 
illuminating gas. Weighings are made to the centigram only. 
Very good results were obtained by 22 students. The prepara- 
tion of pure copper oxide for the experiments, and a tabulation 
of the students’ results, are given. i es Aes 

Design and equipment of a chemical engineering laboratory. 
See this title under Administrative Problems and Devices; 
Curricula. 

What the safe worker wears—and when and why. See this 
title under Administrative Problems and Devices; Curricula. 


SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES; TABULATIONS OF SCIENTIFIC DATA 


The chemistry of germanium. R.ScHwarz. Angew. Chem., 
48, 219-23 (Apr. 20, 1935).—A review accompanied by many 
references. Ly, Os 

Physical methods in the chemistry laboratory. XXIII. Funda- 
mentals and useful applications of physical methods of analysis 
in chemistry. P. WuLFrr. Angew. Chem., 48, 233-8 (Apr. 20, 
1935).—A review dealing with fundamentals, selection of the 
procedure, the basis of the determination, exclusion of the in- 
fluence of external conditions on the experimental data, speci- 
ficity and non-specificity of the physical values, exactness of the 
physical methods of analysis, specification of the physical 
methods by chemical reactions, some new applications of physi- 
cal methods for chemical analysis, and development of physical 
methods of analysis. L. §. 

The proton-exchange concept of acidity. E. W. BowERMAN. 


Sch. Sct. Math., 35, 260-8 (Mar., 1935).—The Arrhenius ioniza- 
tion theory of electrolytes offered the first logical explanation for 
the properties common to all acids. Similarly,, the ionization 
theory accounts for basic properties. Water has played an 
important réle in the ionic concept of acidity, and seemingly 
water has been essential to any concept of acidity; but the con- 
cept of acidity cannot be limited to aqueous solutions. Liquid 
ammonia, hydrogen fluoride, hydrogen cyanide, as well as 
solvents having high dielectric constants are about as effective 
as water itself. Brénsted and Lowry, in 1923, offered as a defini- 
tion of an acid, any molecule or radical that is capable of releasing 
a proton; and asa base any molecule or radical that will accept a 
proton. The idea is expressed by the scheme A = B + H*™. 

(acid) (base) (proton) 


Numerous illustrations are given. In all the illustrations there is 


594 





: 





Ce a ne ee 


ee 








ball 


” =~ © 


we 











DeEcEMBER, 1935 


one striking thing in common; all consist in the transfer of a 
proton from one molecule or radical which has a tendency to 
release a proton to a molecule or radical which can accept a pro- 
ton. Accordingly, the new concept of acid-base equilibria very 
uniquely characterizes these phenomena as proton exchanges, in 
the same manner that oxidation-reduction reactions are uniquely 
characterized as electron exchanges. The Brénsted theory re- 
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lates the concept of acids: and bases in a more logical manner 
than does the ionic theory. It attributes acid and basic proper- 
ties to the molecules of acids and bases themselves and not to their 
solutions, thus offering a definition which is independent of the 
solvent. Above all, the proton-exchange concept of acidity is in 
harmony with the experimental facts. J. HaaG. 


HISTORICAL AND BIOGRAPHICAL 


Arthur D. Little (1863-1935). Anon. Jnd. Bull. Arthur D. 
Little, Inc., 104 (August-September, 1935).—Arthur D. Little was 
a leader in the practical applications of science, always interested 
in research and insisting on high standards, dignity, and self-re- 
spect for his profession. Important as have been the technical 
contributions of Dr. Little and his associates, more striking was 
his pioneering in new territory of industry. He was superin- 
tendent of the first American sulfite pulp mill in a period when 
there was little or no technical information available. He was 
active in the application of chrome tanning at a time when 


’ 


chemical tanning was an “academic curiosity,’’ and he investi- 
gated viscose in Europe shortly after its discovery. His papers 
and addresses and his “‘rare facility for expression’’ inspired 
many another to go forward into new fields. He conceived the 
idea of bringing to the attention of the public authoritative word 
on the many new developments that came under the scrutiny of 
his laboratory staff. His original idea was modified and extended 
until it took the form of the present Indystrial Bulletin a i Arthur 
D. Little, Inc. G. O. 


TEACHING OBJECTIVES, METHODS, AND SUGGESTIONS 


What shall we teach in chemistry? G.M. BrapBury. Sch. 
Sci. Math., 35, 368-73 (Apr., 1935).—The real and ultimate test 
of the quality and value of chemistry instruction lies in an un- 
biased consideration of what the instruction has done to the pupil. 
Real learning to the point of mastery, of course, is a modification 
process, one in which the learning goes into the actions and 
feelings of a pupil. A chemical principle well learned becomes 
part of him to influence his future thinking. A chemical skill 
actually mastered will modify his manner of doing things. A 
chemical appreciation really attained will change his way of look- 
ing at matters of a chemical nature. While this interpretation of 


the task confronting chemistry instruction may sound greatly 
optimistic, it is not quite an impossible undertaking. (1) 
The material to be learned should be interesting. (2) The 
material should be valuable. (3) The pupils should know as 
definitely as possible what they are expected tolearn. (4) They 
should receive expert aid in learning how to go about learning. 
(5) They should be given plenty of opportunity to put what they 
have learned into thinking and explaining and acting. (6) 
The pupils should be helped to see that complete chemical prin- 
ciples are not learned as a whole. j. BG. 


ADMINISTRATIVE PROBLEMS AND DEVICES; CURRICULA 


Design and equipment of a chemical engineering laboratory. 
N. W. Krase. Chem. & Met. Eng., 42, 493-5 (Sept., 1935).— 
This paper discusses the experimental facilities for laboratory i in- 
struction in chemical engineering when given at an educational 
institution rather than by coéperation with an industry. The 
modern viewpoint is to select equipment with unit operations and 
unit processes as a basis. A table is given suggesting equipment 
for thirteen unit operations. J. W. H. 


What the save worker wears—and when and why. ac. 
Hicu. Chem. & Met. Eng., 42, 496-9 (Sept., 1935). am use 
of various types of protective equipment should be made manda- 
tory only after a very careful study of the situation, in which is 
given full consideration of the hazard to the employee. The 
comfort and sanitation involved in wearing protective equip- 
ment should also be considered. 

The use of goggles, respirators, gas masks, gloves, boots, and 
rubber suits is discussed. J. W. H. 


GENERAL 


California’s growth reflected in her chemical industries. 
G. J. Younc. Chem. & Met. Eng., 42, 460-2 (Aug., 1935).— 
Well-developed agriculture, lumbering, mining, and fisheries 
provide both raw materials and markets for chemical products in 
California. Ample low-cost power, good transportation and 
shipping facilities, and an abundance of oil and natural gas are 
basic and natural advantages. With the exception of coke and 
rayon the important process industries are represented in the 
state. In order of importance they include: petroleum re- 
fining, lime and cement, oils and greases, paints and varnishes, 
chemicals and chemical preparations, ceramics, soap, paper and 
pulp, leather, drugs and cosmetics, glass, sugar, rubber goods, 
fertilizers, and explosives. j. W. EB: 

Oregon’s opportunities lie in unique transportation pattern. 
O. F. Starrorp. Chem. & Met. Eng., 42, 458-9 (Aug., 1935).— 
At but one point within the area of the Western United States 
does a great river break through both the interior and coastal 
mountain barriers to the Pacific Ocean. This is the Columbia 
River-Snake River System. The Columbia is navigable for 
large ocean freighters for a hundred miles inland. This makes 
the center of a great transportation pattern. . Oregon lies en- 
tirely within this area. It is rich in material out of which may 
be made things to eat and wear and with which to build. It is 
deficient in iron ore, bauxite, coal, oil, and natural gas. There 
are mines yielding mercury, gold, silver, lead, zinc, and copper. 
There are large deposits of diatomite and limestone. Food- 
processing industries do well.. The timber stand is around 400 
billion feet. J. We 

Chemical industry holds the key to Washington’s resources. 
H. K. Benson. Chem. & Met. Eng., 42, 456-7 (Aug., 1935).— 
The chemical industry in the state of Washington is in the nature 
of a general utility rather than a natural resultant of scientific 





progress and industrial enterprise. The fact that large blocks of 
electricity are obtainable at low rates is the basis of the existing 
chemical industries. New chemical industries will be intro- 
duced when they find favorable plant locations and cheaper 
raw materials. Factors favoring plant location in Washington 
are its seaports, excellent water, intelligent labor, cheap wood 
and coal, good highways, hydroelectric power, and freedom from 
extremes of heat or cold. J. W. H. 
Arthur D. Little. Science, 82, 2121, 169 (Aug. 23, 1935).— 
Under the will of the late Arthur D. Little, who died August Ist, 
a controlling interest in the industrial research firm, Arthur D. 
Little, Inc., has been left in trust to the Massachusetts Institute 
of Technology. The will provides that Dr. Little’s stock in the 
company is to be held in trust, with the income to go equally to 
the Institute and to Mrs. Little. The trustees are instructed to 
develop with officials of the Institute a plan whereby the firm 
may continue as an independent agency, conducted so as to 
benefit both industry and the Institute. «O. 
The romance of research. M.E.Hurrorp. Sch. Sci. Math., 
35, 273-84 (Mar., 1935).—Historians have pointed out that the 
great events of history are its scientific discoveries. Human 
progress, therefore, strides like a giant from peak to peak of the 
accomplishments of science. Embellishments there are to 
human advancement like poetry, music, art; but the marble 
upon which these refinements of culture are chiseled is science, 
that is, the fundamental sciences, mathematics, physics, chemis- 
try, and biology. The accomplishments of the following labora- 
tories are reviewed: Bell, du Pont, General Electric, Bureau of 
Mines, Westinghouse, and those of pure research in chemistry and 
physics. The individual efforts of Pasteur, Banting and Best, 
Urey, and numerous others in varied fields of research are given as 
illustrations. J. H.:G. 








RECENT BOOKS 


Wilhelm Hunten- 


QUERSCHNITT DURCH DIE ORGANISCHE CHEMIE. 
13 X 20 


burg. Leopold Voss, Leipzig, 1935. viii + 180 pp. 
cm. Rm. 5.40. 


This little book covers the entire field of organic chemistry 
and was written to help critical readers to review and strengthen 
the knowledge they have acquired from lectures or other text- 
books. It is not an “introduction” to the study of organic 
chemistry and, although it is well written and carefully compiled, 
is not suitable for beginners who have had no instruction in this 
field. The purpose of the book is to furnish a comprehensive 
review, to awaken interest, and to encourage further study. 

The book is divided into four parts. Part I reviews the struc- 
ture theory and classifies all carbon compounds into groups. 
The grouping, however, is not the conventional one but is based 
upon the state of oxidation. Aliphatic and aromatic compounds 
are discussed side by side. Thus the structural formulas of naph- 
thalin and dekalin are given on page 14, acetylene on page 15, 
and four possible formulas for benzene are given on page 18. 
This illustrates how rapidly the field is covered. In the 67 pages 
of Part I, about 350 compounds are mentioned and their formulas 
given. The remarkable thing about the book is the fact that 
it is interesting and readable in spite of the conciseness and 
rapidity. The sentences are, almost without exception, short, 
crisp, and easy to understand and the arrangement is logical, 
so that the reader has no great difficulty in jumping from one 
thought to another. No space is occupied with respect to prov- 
ing the correctness of the many formulas. 

Part II covers 25 pages and is concerned with organic sub- 
stances found in nature. Carbohydrates, vegetable acids, 
fats, lipoids, proteins, tannins, terpenes, alkaloids, natural 
dyestuffs, ferments, hormones, and vitamins are discussed. 
Formulas such as those of d-glucose, maltose, saccharose, cho- 
lesterol, camphor, indigo, uric acid, purine, protoporphyrin, 
bilirubin, and carotin are given and the structure clearly shown. 
Part III is of about the same length as Part II and treats of the 
preparation and uses of organic compounds. Part IV covers 75 
pages and is concerned with the typical reactions of organic chem- 
istry. References to the literature are given in the last 35 pages 
indicating the first description of the method; about 630 refer- 
ences in all. 

At the beginning of Part IV the application of the electron 
theory to organic reactious is discussed. The idea that carbon is 
somewhat negative to hydrogen in methane and somewhat 
positive to chlorine in carbon tetrachloride is shown to be logical. 
The formation of ethyl chloride from ethane is an oxidation com- 
parable to the formation of ethyl alcohol or of ethylene from 
ethane. This point of view underlies the classification of all the 
chemical reactions. This idea happens to appeal to the reviewer 
but if some of the orthodox organic chemists object, they will 
nevertheless find this little book interesting and profitable reading 
because the author has been very cautious in stating his theoreti- 
cal views and is in no way very irritable to those who may dis- 
agree with him. 

The book, let me say again, is carefully planned and carefully 
written. Considering its brevity, it is remarkably easy reading. 
There are very few typographical errors and very few things to 
criticize unfavorably. 

WILLIAM T. HAL 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, Mass. 


EXPERIMENTAL Puysics. Edwin Morrison, M.S., Assistant 
Professor of Physics, Michigan State College, and S. Elizabeth 
Morrison, B.S., Instructor in Physics, Michigan State College. 
P. Blakiston’s Son & Co., Inc., Philadelphia, 1935. xvii + 235 
pp. 189 illustrations. 20.5 X 28cm. $2.00. 


This laboratory manual, intended for the introductory courses 


in college physics, contains 65 experiments; 4 on instruments, 2 
on kinematics, 9 on dynamics, 7 on elasticity, 9 on heat, 2 on mag- 
netism, 12 on current electricity, 3 on sound, 12 on light, 1 on 
electric discharge through gases, 3 on vacuum tubes, and 1 on 
radioactivity. 

Each experiment contains a discussion of the theory of the par- 
ticular problem or study, with derivations of necessary equations, 
a description of the required apparatus, and detailed instruc- 
tions as to its manipulation to obtain the desired data. Printed 
forms for the data to be obtained and to be computed are pro- 
vided on duplicate, detachable sheets. The experiments pro- 
vide the instructor with some degree of flexibility as to laboratory 
equipment and to the varying abilities of students, the experi- 
ments ranging in type from ‘‘Energy Loss in Commercial Ham- 
mers’ to “Spectrograph” and “Interferometer.” Such experi- 
ments as make use of calculus in deriving equations can be per- 
formed by students unfamiliar with calculus. 

The authors consider the objective of experimental work in 
elementary courses in physics to be the acquisition of a physics 
technic, ‘‘the power to observe nature, to set up experimental 
conditions, to manipulate experimental mechanisms, and to or- 
ganize and formulate one’s mental processes in accordance with 
nature.” 

The aim in preparing this manual was to create in the student 
interest in physical phenomena through experimentation, not to 
verify handbook constants, or to ‘‘master a large number of 
facts, laws, and principles.”’ 

This text is admirably suited to any introductory course in 
college physics. It should be especially valuable to the instructor 
in large laboratory classes. Cuas. G. EICHLIN 


UNIVERSITY OF MARYLAND 
COLLEGE ParK, Mp. 


THE SYSTEMATIC IDENTIFICATION OF ORGANIC COMPOUNDS: 
A Laporatory Manuva. Ralph L. Shriner and Reynold C-: 
Fuson, Professors of Chemistry in the University of Illinois. 
John Wiley & Sons, Inc., New York City, 1935. ix + 195 pp. 
9 figs. 15 X 28cm. $2.25. 


Comparison of this new book with Kamm’s “Qualitative Or- 
ganic Analysis’ is inevitable and necessary. The analytical 
system employed is essentially that of Kamm, with inclusion of 
two additional solvents (5% sodium bicarbonate and 85% phos- 
phoric acid) for the rough classification based on solubilities. 
In both books the attack is made through the steps: (1) physical 
examination and determination of physical constants, (2) 
elementary analysis, (3) solubility tests, (4) functional tests, (5) 
consultation of tables of compounds, and literature, and (6) 
preparation of derivatives. Except for the rather considerable 
duplication of methods which is thus unavoidable, the two books 
have distinct identities. The new work is consistently a labora- 
tory manual, its explanatory sections being brief and incidental 
to the laboratory directions. It is therefore less informative 
than “Kamm,” and has no full counterpart of Kamm’s Part A, 
which could profitably be studied before or while undertaking the 
practical work described. 

In the new book the student proceeds first to an introductory 
study of solubility tests (Chapter II, pp. 3-20), and then to a 
study of classification tests (Chapter III, pp. 21-42), the latter 
including twenty of the familiar functional reactions. The 
system begins with Chapter IV, which outlines the ‘Procedure 
for Examining and Reporting Unknowns.”’ The next chapter 
(“Special Laboratory Methods’’) describes the ignition test, 
the determination of melting point, freezing point, boiling point, 
specific gravity, refractive index and optical rotation, and qualita- 
tive tests for the elements (not yet including fluorine). This 
chapter includes also the determination of the neutralization 
equivalents of acids, the saponification equivalents of esters, 
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the Duclaux values of lower fatty acids, and the molecular weight 
by Rast’s method. Chapter VI gives brief suggestions re- 
garding the use of the literature, with the unexpected omission 
of Rosenthaler’s ‘‘Der Nachweis organischer Verbindungen”’ 
from the list of books recommended to the student. Chapter 
VII (pp. 71-149), which occupies nearly half of the book and is 
headed ‘‘The Preparation of Derivatives,’ includes three sub- 
headings: ‘‘The Properties of a Good Derivative,” “The Selec- 
tion of the Derivative,’’ and “The Preparation of Derivatives.” 
The second (pp. 72-138) considers the familiar classes of com- 
pounds one by one, in each case mentioning the derivatives 
likely to be useful and the reactions involved in their formation, 
giving cross references to the procedures in the following section, 
and appending the pertinent literature sources. There follows 
in each case a tabulation of compounds of the class, arranged in 
order of increasing boiling points and/or melting points with other 
physical constants included for certain types (e. g., specific gravity 
for hydrocarbons, halides, ethers, esters; refractive index for 
aliphatic hydrocarbons, and some halides; optical rotations for 
carbohydrates). These tables include also the constants of the 
recommended derivatives. The tabulations of compounds in 
this section correspond to Kamm’s Part C, ‘“‘Classified Tables of 
Compounds,”’ but are arranged wholly according to classes and 
not solubilities, this relaxation of emphasis on classification by 
solubility being in the writer’s opinion an improvement. The 
tables are compact, and their value is greatly increased by the 
columns devoted to derivatives. The propriety of including 
these tabulations under the chapter and sectional headings men- 
tioned seems questionable. The third section in this chapter 
presents twenty-four typical procedures (some with alternatives) 
for preparation of derivatives. 

The final chapters in the book deal respectively with “The 
Separation of Mixtures’ and ‘‘Problems.’’ The outline direc- 
tions for separation of mixtures distinguish three types of mix- 
tures: (1) those separable by differences in volatility, solubility, 
and class reactions, (2) those separable by fractional crystalliza- 
tion or distillation, and (8) those requiring a combination of the 
foregoing methods. There is pointed out and illustrated the 
fact that these same methods are ordinarily used for isolation of 
compounds from reaction mixtures. The problems in the final 
chapter are numerous and pedagogically excellent. They are 
designed to test the student’s ability to interpret various kinds 
and combinations of analytical evidence; some of the problems 
will require thought not only by students but by their teachers as 
well. 

A careful examination of the book left a very favorable general 
impression. In some matters of detail, in which differences of 
opinion are to be expected, a few criticisms may be ventured. 
The procedure with respect to correcting thermometric readings 
for exposed stem is not clearly stated. On p. 49 such correction 
is specified for the melting point, but it is not mentioned on pp. 
53-4 as required for the boiling point, and in the specimen re- 
port on pp. 45-7 all melting- and boiling-point values are un- 
qualified. The line drawings of the melting-point apparatus 
(Figure 2, p. 50), and of the Siwoloboff boiling-point apparatus 
(Figure 6, p. 54), are not properly proportioned and are not con- 
sistent with the dimensions given in the accompanying text. 
The importance of having the unknown substance pure before 
identification is undertaken is not adequately emphasized by the 
directions on p. 43: “If the range of melting or boiling is very 
wide, indicating considerable impurity, the compound should be 
purified... .’”’ There is no statement as to the accuracy with 
which qualitative and quantitative samples are to be weighed. 
The method specified for weighing out esters (p. 64) would be 
troublesome and inaccurate with volatile esters. In describing 
the Hinsberg separation (p. 26) it is not mentioned that di- 
methylaniline is sometimes quite unmanageable due to formation 
of a purple dye; that primary amines almost invariably yield 
disulfonyl derivatives and therefore can be cleanly separated from 
secondary amines only after an interposed treatment with 
sodium ethylate; that sulfonamides are rapidly hydrolyzed by 
heating in a sealed tube with hydrochloric acid, a procedure which 
is probably more convenient than the ten to thirty-six hours’ 
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refluxing recommended. Picrates are specified as derivatives for 
tertiary amines (pp. 125-6), but their usefulness for bases in 
general is not emphasized. The Schotten-Baumann procedure is 
used for benzoylation of alcohols and amines on p. 25, but is 
omitted on p. 146 as a method for making substituted benz- 
amides as derivatives of amines. The procedure for preparation 
of nitroso-derivatives of tertiary aromatic amines (p. 147) ap- 
pears to have such restricted analytical usefulness that its inclu- 
sion seems hardly justified. Three separate tests for nitrogen 
(obtained as cyanide) are given on pp. 60-1, the familiar Prussian 
blue test being third choice. The sulfocyanide test for nitro- 
gen and sulfur present together succeeds so seldom that it seems 
superfluous, especially in the present case, where there are given 
previously two tests for sulfur in addition to the three for nitro- 
gen. 

The book is well written and well arranged for laboratory use. 
The documentation is appropriately not extensive, but is very 
satisfactory as regards recent papers on tests and derivatives, a 
number of 1935 references being noted. Misprints in the text 
are few and incapable of harm; no effort was made to test the 
accuracy of numerical values in the tables, 

As a guide for laboratory work in qualitative organic analysis, 
according to the system employed, the new book appears to be 
excellent, especially if its use is preceded or accompanied by suit- 
able classroom work and reading, for which Part A of ‘‘Kamm”’ 
should be suitable. The writer will not venture here an opinion 
as to the relative merits, practical and didactic, of the analytical 
scheme under discussion and that of Mulliken. Those who pre- 
fer Mulliken’s classification based successively on elementary 
composition, color, class reactions, physical properties, etc., may 
not yet be reconciled to the subordination of class reactions to 
solubilities, by some of which homologous series are rather arbi- 
trarily split. The attention of these may be called to the facts 
that the newer scheme of analysis has been thoroughly and suc- 
cessfully tried out, and without doubt more widely among under- 
graduate students than has ‘‘Mulliken,’’ that it is much more 
up to date than the latter, especially with respect to derivatives, 
and that it is obtainable in compact and inexpensive form, to 
which ‘Mulliken’ offers a valuable source of supplementary 
information. It is the writer’s belief that the cause of qualitative 
organic analysis would be much benefited by (1) a complete 
revision of ‘‘Mulliken,’’ with the analytical system and its 
accompanying explanations in a small volume, and the classified 
tables in separate volumes, and (2) by a combination of the works 
of Kamm and Shriner and Fuson. Teachers, advanced students, 
and investigators would then have a choice between two highly 
elaborated and equally modern systems of analysis, each with its 
characteristic advantages. E. C. WAGNER 


UNIVERSITY OF PENNSYLVANIA 
PHILADELPHIA, PA. 


PRINCIPLES AND APPLICATIONS OF ELECTROCHEMISTRY. VOL. 1. 
PrincrpLes. H. Jermain Creighton, Swarthmore College. 
Third edition. John Wiley & Sons, Inc., New York City, 1935. 
xviii + 502 pp. 84figs. 15 X 23cm. $4.00. 


This text is so well known that a detailed account of its con- 
tents is unnecessary. The reviewer’s opinion of its excellence 
is reflected in his requirement of its use as a text for over ten 
years. 

Certain features appear for the first time in the third edition. 
There is a good discussion of the work of Jones and Josephs on the 
theory and design of a conductance bridge and accessory appara- 
tus. Brief discussions of the antimony and glass electrodes have 
been added. Likewise there is a page of comment on deuterium. 
The discussion of the Debye-Hiickel theory has been enlarged 
by 50%. References are more numerous and up to date. The 
third edition contains only 14 pages more than the second. In 
compensation several items have been dropped out (without seri- 
ous loss) so that the actual new material is more extensive than it 
appears on casual inspection. 

However, a page-by-page comparison with the second edition 
reveals that there has been little real change. The same prob- 
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lems reappear. In particular it is regrettable that no satisfactory 
conventions are given for establishing the sign of cell potentials, 
liquid junction potentials, and the free energies of cell reactions. 
The importance of such conventions, as the reviewer has found 
by hard experience, especially when dealing with liquid junction 
potentials, is very great. The definition of ‘‘normal’’ or “elec- 
trolytic’’ potential continues to be unsatisfactory. Itis not made 
clear that by ‘‘molal,” activity molal or unit activity is implied. 
At least it should be implied to be consistent with the table of 
electrolytic potentials, many of which are elsewhere called 
“standard”’ potentials, z. e., based on unit activity of the ion. 
Since electromotive force equations are based on the activity 
concept, such quantities should be used whenever available. 
In any case the distinction between ion concentration and ion 
activity should be sharply drawn in connection with any dis- 
cussion of E.M.F. A reference to “Indicators’’ by Kolthoff 
and Furman could be added profitably to the chapter on that 
subject. 

On the whole the third edition may be considered somewhat 
improved over previous editions. It can certainly be highly 
recommended to all teachers of the subject. 

Matcoitm M. Harine 


UNIVERSITY OF MARYLAND 
COLLEGE ParK, Mp. 


GENERAL CHEMISTRY. Horace G. Deming, Professor of Chemis- 
try, University of Nebraska. Fourth edition. John Wiley 
& Sons, Inc., New York City, 1935. xiii + 769 pp. 170 
figs. 138.5 X 22cm. $3.50. 


This well-known and successful textbook was first published 
in 1923, and the third edition appeared in 1930. During the last 
five years there have been notable discoveries and developments 
in chemistry, so teachers will welcome the new edition of General 
Chemistry in which many of the modern ideas of chemists are 
introduced and applied. 

According to the title page, the book is ‘‘an elementary survey, 
emphasizing industrial applications of fundamental principles.” 
It contains 54 pages more than the third edition, and the order 
and character of the subject matter differ in a number of re- 
spects. 

Like the earlier editions, the text is divided into four parts: 
Part I. General Principles (223 pp.). Part II. The Non- 
metals (312 pp.). Part III. Organic Chemistry (68 pp.). 
Part IV. The Metals (146 pp.). These subdivisions are not 
strictly adhered to, however. Thus, oxygen and hydrogen are 
treated in Part I, and certain theories and principles are pre- 
sented in Parts II-IV, where they naturally belong. 

In the Preface, the author says: ‘‘Teachers everywhere have 
been very emphatic that there is danger of overburdening the 
beginner with theory before he has acquired a proper background 
of facts.... Moreover, some of the more difficult or advanced 
topics have been deferred to the close of the book. By thus de- 
parting from a completely logical arrangement we feel that the 
book will give better service in the hands of students who have 
had no previous training in chemistry, and who are perhaps de- 
ficient in mathematics and physics as well.” 

While derivation of chemical formulas and the determination of 
molecular and atomic weights were presented in Part I of the 
previous editions, they are deferred to Chap. XXXVII (p. 569) of 
the fourth edition. This is a radical departure from the usual 
practice. 

The book has been thoroughly modernized and contains an in- 
creased amount of physical chemistry and physics. This will be 
welcomed no doubt by teachers who have been calling for the 
‘‘modernization of the general course.” 

The term, isotope, is first used on page 32 in connection with 
Dalton’s atomic theory; surface tension is discussed on page 113; 
and “heavy water” is mentioned on page 126. Prominence is 
given to the electron and ions in the first part of the book. 
Chapter XII (10 pp.) is devoted to the crystalline state. The 
author has ‘‘the conviction that the fundamental differences 
between ionic and covalent compounds tend to be obscured by 
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defining acids, bases, and salts from the molecular point of view, 
then going over very much the same ground again from the ionic 
point of view.’’ Gaseous hydrogen chloride, HCl, and pure 
hydrogen nitrate, HNO;, covalent compounds, are considered as 
acids, since each loses a proton, H*, when dissolved in water: 


HCl + H,0 —> Cl- + H;0*. 
| Oxonium-ion 
s 

Ht 


The formula for the hydrated proton, H;0%*, is used in place of the 
symbol Ht. . 

An acid is defined as “‘an ionic compound which on being dis- 
solved in a given solvent will yield the same cation as the sol- 
vent itself, but a different anion’ (p. 196). The interaction of a 
metal with an acid is expressed as follows: 


Zn + 2H;0+ —> Znt+ + 2H,0 + Hz f; 


and neutralization as H;0*+ -+ OH- —» 2H,0. 
The equation for the formation of HS is written thus (p. 287): 


H;O0+ + S-- —> HS t + HO. 


One reads on page 331: ‘‘The formula of sodium hydroxide, 
NaOH, is a mere conventional formula, representing two inde- 
pendent substances, sodium-ion and hydroxyl-ion.”’ 

Covalence, covaletit bonds in ions, and coérdination are pre- 
sented in considerable detail, some attention being paid to the 
sizes of atoms. 

Chap. XXVI (18 pp.) is devoted to reaction rate, and it in- 
cludes such topics as activation energy; details of activation 
and deactivation; unimolecular, bimolecular, and termolecular 
reactions; successive reactions and reaction order. ‘Chain reac- 
tions” are also defined and illustrated. 

Sixteen pages are given to photochemistry, such subjects as 
quanta, Einstein’s photochemical law, chemiluminescence, and 
photography being discussed. 

Less than two pages are given to antimony and bismuth, and 
no bismuth compounds are mentioned (p. 451). 

“Activity product” is substituted for “solubility product’ 
(p. 515), and proton equilibria are discussed (p. 519). In aqueous 
acid solutions, the total acidity may be made up of two parts: 
(1) Ionic acidity, due to oxonium-ion, H;0+. (2) Molecular 
acidity, due to non-ionized acid molecules. 

The hydrogen electrode, indicators, and buffer salts are treated 
in some detail. Three or four pages are devoted to absorption 
spectra and the Raman effect. 

Chap. X XXVIII takes up synthetic products, both industrial 
and medicinal. Structural formulas are given for such com- 
plicated substances as pinene, camphor, cocaine, procaine, and 
butyn. Synthetic rubber and hormones are discussed briefly. 

The chapter on electrochemistry is fairly detailed, considerable 
attention being paid to oxidation-reduction potentials. 

Since 626 pages are devoted to general principles, non-metals, 
etc., the space left for the metals is limited. Certain topics are 
treated very briefly. Thus, 7 lines are devoted to the production 
of magnesium, 2 pages to chromium and manganese and their 
compounds, and about 6 pages to tin and lead and their com- 
pounds. The last chapter is concerned with nuclear reactions 
and radioactivity. The reviewer feels that it is more logical 
to deal with these topics in connection with the structure of the 
atom. 

Like the former editions, the book contains many excellent 
questions and problems designed to test the student’s ability to 
think. It contains also a very large number of references to 
current literature. 

It is the opinion of the reviewer that some portions of the text 
are too difficult and detailed for beginners. It is better adapted 
to students who have had a good course in high-school chemis- 
try, and particularly to those who devote only one college year 
to the study of the subject. For students specializing in chem- 
istry, some teachers would probably prefer to pay more atten- 
tion to what may be called “classical chemistry,” leaving some 
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of the modern material for later courses. Fortunately, not all 
teachers think alike so we have variety instead of uniformity. 

General Chemistry is a scholarly production, carefully and 
clearly written, and is well illustrated. It should make a strong 
appeal to teachers who desire a thoroughly modern textbook and 
who wish to stress certain aspects of the newer chemistry. 

The publishers have done their part well. The book is printed 
on excellent paper and is attractively bound. 

WILLIAM FOSTER 


PRINCETON UNIVERSITY 
PRINCETON, NEW JERSEY 


INTRODUCTION TO INORGANIC CHEMISTRY. G. H. Cartledge, 
Head of the Department of Chemistry, The University of 
Buffalo. Ginn & Co. Boston, 1935. vii + 609 pp. 52 
figs. 14 X 20.5cm. $3.00. 


LABORATORY EXERCISES IN INORGANIC CHEMISTRY. G. H. 
Cartledge and H. M. Woodburn, The University of Buffalo. 
Ginn & Co., Boston, 1935. v +149 pp. 23 figs. 14 X 20.5 
cm. $1.00. 


These books are products of the careful study of methods of 
teaching chemistry which has been made at The University of 
Buffalo. In the preface to the textbook the author questions 
the effectiveness of the conventional inductive approach ‘“‘accord- 
ing to which the individual student has to a considerable degree 
retraced the laborious pathway by which the science was de- 
veloped historically.... The point of view adopted in this course 
is that we now know a great deal about atoms, and that we may 
apply this knowledge to deduce and correlate a large number 
of facts.” 

In accordance with this plan the first two chapters deal with the 
customary introductory matter, after which there are chapters 
devoted to Atoms and Elements; Atomic Structure and Chemical 
Change; and Mass Relations in Chemical Change. To illustrate 
the principles outlined in the first five chapters, the author selects 
the short period sodium to chlorine for detailed study. These 
elements are chosen because they are typical members of their 
respective families as well as for their practical importance. 
This order has the advantage of bringing typical metals into the 
early part of the course and it serves to impress upon the mind 
of the beginners the idea that ‘‘there are physical reasons be- 
neath the observed facts of chemistry.” 

Other chapters are devoted to Solutions; Chemical Equi- 
librium; Periodic System; and Nitrogen Family. Such subjectsas 
Electrochemistry, Photochemistry, Colloidal Solutions, Carbon 
Compounds and Radioactivity are not developed in separate 
chapters but are ‘‘woven into the text where it is believed they 
may be most effectively taught.’’ Hydrogen, oxygen, and the 
halogens are placed late, while the remainder of the metals are 
grouped together in four chapters. In all there are 24 chapters, 
the last being devoted to Sulfuric Acid and the Alkali Industries 
The highly condensed treatment of certain of these topics might 
raise in some minds a question as to why the word “Inorganic’”’ 
was included in the title. 

The chapters are concluded with stimulating exercises, many 
of which are distinct departures from the conventional style. 
Some of the problems may be pretty difficult for beginners. 
Answers to a few of the problems are given in the appendix. 

The book is not profusely illustrated, but the illustrations 
have been carefully-selected for their usefulness. The line draw- 
ings show outstanding merit. The appendix is brief but prob- 
ably contains most of the information which is needed. The 
index is complete and the mechanical features of the book have 
been carefully considered. 

The approach through atomic structure permits the author to 
offer his discussions in terris of modern theories which are used 
generously. Most of the fundamental conceptions of present- 
day physics and physical chemistry are employed in the ex- 
planations of chemical phenomena. There is free use of such 
terms as activity coefficient, coérdination number,‘ dipole, free 
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energy change, quantum number, reaction velocity constant, 
and Planck’sconstant. Acids, bases, and salts are developed by 
the Arrhenius theory, with no mention of other viewpoints. 

The Laboratory Exercises in Inorganic Chemistry is a worthy 
companion of the textbook, whose unique order makes a special 
laboratory manual necessary. The authors have assembled a 
list of 25 experiments each leading ‘‘to a conclusion of more than 
test-tube proportions.’’ There are, for example, no experiments 
whose end is the preparation of hydrogen, chlorine, or hydrogen 
chloride, but each of these is prepared or used ‘‘in a natural way 
as a necessary step toward the attainment of a larger goal.” 
The appendix contains lists of materials as well as some of the 
tables which appear in the textbook. 

The teacher who has grown weary of the familiar textbook 
plan of organization with its tedious recital of the facts of de- 
scriptive chemistry and is longing for a new approach to the 
science with an attractive and modern treatment will find these 
books fresh, new, and vigorous. The teacher who expects a 
textbook to furnish detailed information about the materials of 
chemistry and their functions in modern life may find too much 
theory and too little attention to fact and application. To all 
the books will appeal as excellent products of a successful course 
of study, and the authors are to be congratulated upon presenting 
a unique plan, a skilfully designed course, and well written, 
splendidly executed books which are real contributions to modern 
chemical education. B. S. Hopkins 


UNIVERSITY OF ILLINOIS 
URBANA, ILL, 


ScIENCE CRAFT MINERALOGY MANUAL. Francis Burt Rosevear, 
A.M., Cornell University. Published for and copyrighted by 
Porter Chemical Co., Hagerstown, Md.,1935. 143 pp. 12.5 
X 25 cm. Illustrated. Paper covers. $1.00. 


This manual of mineralogy is evidently intended to accompany 
the “‘sets” of specimens of minerals which the Porter Chemical 
Co. has prepared for sale to youthful and other amateur students 
of minerals. It will be recalled that this is the company which 
has done so much to interest youngsters in chemistry through the 
“Chemcraft’”’ sets. The first part of the manual gives a con- 
densed but well-planned exposition of the fundamentals of the 
subject under consideration. This includes some elementary 
instruction in the use of apparatus, a brief account of the ele- 
ments of geology, of chemistry, and: of crystallography as applied 
to mineralogy, and chapters on physical and chemical properties 
in general and of blowpipe and chemical tests as applied to the 
identification of minerals. Most of the remainder of the manual 
deals with descriptive mineralogy, considering many common 
and some less common minerals in systematic order, beginning 
with the elements and going on with the sulfides, oxides, halides, 
carbonates, etc. Chapter VII gives a good condensed account 
of géms and gem minerals. A chapter on “‘collecting’’ follows 
and the final chapter contains tables useful in the identification 
of minerals and instructions on their ube. 

Scattered throughout the book are some 128 experiments which 
are designed to illustrate tests for individual minerals. Most of 
these experiments are simple and the instructions are clear and 
excellent. The whole aspect of the manual is more like that of a 
serious educational work of elementary character than like a 
commercial production. In fact, teachers of courses in miner- 
alogy might profit by a study of the method of this manual and 
copies of it would be of value in the departmental libraries of 
schools and colleges. FRANK B. WADE 


Tue SHORTRIDGE HiGH SCHOOL 
INDIANAPOLIS, IND. 


1000 AND ONE. THE BLUE Book oF NON-THEATRICAL FILMS. 
The Educational Screen, 64 East Lake St., Chicago, Ill. Elev- 
enth edition, 1935-36. 144 pp. 10.5 X 18cm. $0.75 (to 
Educational Screen subscribers, $0.25). 











‘‘Man’s Progress in the Understanding of Matter” 


Silver, Burdett and Co., New York, Chicago, etc., have prepared 
a folder, 48 X 64 cm., folding to 16 X 24 cm., with the above 
title. One side of the folder presents reproductions of 18 excel- 
lent illustrations, with informative captions, from Jaffe’s ‘“‘New 
World of Chemistry.’’ The other side presents specimen pages, 
additional illustrations, and descriptive advertising. Copies 
upon request. 


New Bausch & Lomb Publications 


“Microscope Accessories.”” 48 + 14 pp. 15.5 X 23.5 cm. 
(Includes price list.) 
“Magnifiers and Readers.” 28 + 8 pp. 15.5 X 23.5 cm. 


(Includes price list.) 


“Laboratory Microscopes.” 29+7pp. 15.5 X 23cm. (In- 
cludes price list.) 
“Microscopes in Medicine.” 12 pp. 20 X 26cm. (Prices). 


“The Stainless Prince of Steels” 


Above is the title of a richly illustrated booklet, 47 pp., 21.5 X 
28 cm., on the nature and uses of stainless steel, issued by The 
Chemical Foundation, Inc., 654 Madison Ave., New York City. 


“Fisher’s Chemical Index’’ 


For the convenience of the laboratory about 7200 of the various 
laboratory chemicals and reagents are arranged alphabetically in 
one comprehensive list by the Fisher Scientific Co., Pittsburgh, 
Pa., 236 pp., 18.5 X 26.5cm. The list includes: c.p. analyzed 
reagents, U.S.P. chemicals, organic chemicals, biological stains, 
solvents, indicators, dyes, oils, technical chemicals, standard 
solutions, rare sugars, buffer salts, minerals, absorbents, desic- 
cants, cements, and their synonyms. 

Another recent Fisher publication is ‘‘Fisher Burners with 
Pyrofax Gas,” 8 pp., 21.5 X 28cm. 


“Balances and Weights” 


Above is the title of Catalog No. 35-B of Schaar & Co., 754 
West Mather St., Chicago, Ill. 52 pp. 19.5 X 27.5cm. (In- 
cludes prices, subject to change.) 


“Jena Fritted Glass Filters” 


Catalog 232LE of the Fish-Schurman Corporation, New York 
City, 24 pp., 15.5 X 24cm. 

Another recent Fish-Schurman publication (Catalog 243) is 
“Jena Hippel Capillary Type High Pressure Mercury Vapor 
Lamp,” 8 pp., 15.5 X 21 cm. 


Stains 
“Original Gruebler-Hollborn and Giemsa Stains,” 40 pp., 10.5 
X 23.5 cm., issued by Pfaltz & Bauer, Inc., New York City. 


Micromax Automatic pH Control 


Anyone interested may have a copy of a new bulletin which has 
just been issued on Micromax automatic pH control for ‘‘Im- 
proved Alum Treatment of Board Stock,” 12 pp., 19.5 X 26.5 cm. 

This booklet shows how some mills are improving color uni- 
formity of board, adding to its color-printing quality, saving ex- 
cess alum and decreasing corrosion of equipment—all by means 
of a fully automatic control which holds pH of stock delivered to the 
vat constant within +0.1 pH. 

The booklet may be had by asking Leeds & Northrup Company, 
4934 Stenton Avenue, Philadelphia, Pa., for Bulletin 709-A. 


TRADE ANNOUNCEMENTS 
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New Tube Drawing Plant 


The new manufacturing unit of the Kimble Glass Co., Vineland, 
N. J., is a most modern type of industrial plant and consists of a 
steel frame main furnace building 132 ft. wide X 100 ft. long, 
which provides space for three producer-gas-fired melting tanks 
that can service 8 Danner machines, and a three-story steel and 
brick warehouse building 132 ft. wide X 140 ft. long. This 
building is directly in line with and adjacent to the furnace build- 
ing. 

The basement under the warehouse will be used for the storage 
of rod. The ground floor will be used for the tube drawing opera- 
tion and the second and third floors for the storage of tube. 
This gives adequate furnace capacity and excellent storage fa- 
cilities just adjacent to the tube drawing operation. The building 
is fire-proof and is equipped with elevator service. 


Photomicrography Simplified by New Microdak 


The Eastman Kodak Company, Rochester, N. Y., announces the 
new Microdak which makes it possible for any user of a micro- 
scope to make photographic records of his work without more 
than a casual knowledge of amateur photography. 

It is only necessary 
to focus the subject un- 
der the microscope 
properly, to place the 
Microdak in position, 
and to operate the 
shutter. Because the 
camera uses roll film, 
no darkroom is re- 
quired, so photomicro- 
graphs can be made in 
any schoolroom or of- 
fice. After exposure in 
the Microdak, the film 
can be developed and 
printed by any regular 
photo finisher or by the 
microscopist himself. 

The Microdak con- 
sists of a camera using 
2'/4 X 31/4 roll film, 
and having a fixed focus lens and a shutter, with provisions for 
bulb and time exposures; a light-lock to shield the microscope 
eyepiece and camera lens; a bracket for holding the camera, a 
support for the camera and bracket, which fastens to the stage of 
the microscope; and a counterweight that attaches to the micro- 
scope base. The phantom picture shows the Microdak attached 
to the microscope ready for operation. 

In making photomicrographs with Microdak, the subject is il- 
luminated and the microscope focused in the usual way, with a 
relaxed eye. The light lock then is placed over the eye-piece and 
the camera so located that the lens will assume the position occu- 
pied by the eye in focusing. Finally, an exposure of proper 
length is made and the photomicrograph has been recorded. 

Free booklet describing the Microdak in detail and giving com- 
plete instructions for its use, on request. 

















Industrial Thermometers 


A new industrial thermometer catalog has just been issued by 
the C. J. Tagliabue Mfg. Co., Brooklyn, N. Y. The catalog (No. 
1125) contains 24 pages (21.5 X 28 cm.) of conveniently ar- 
ranged listings of the complete TAG Line of Industrial Ther- 
mometers, Miscellaneous Metal and Woodback Thermometers, 
Hygrometers, U Gages, Mercurial Vacuum Gages, and Mercurial 
Barometers. The company will be glad to send a copy of this 
catalog free on request. 
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ANNUAL INDEX—JOURNAL OF 
CHEMICAL EDUCATION 


The annual index for Volume 12 of the JouRNAL OF CHEMICAL EpUCATION is divided into two parts—an 
Author Index and a Subject Index, each alphabetically arranged. Letters (Ar), (Ab), (B), (C), (E), (F), and 
(P) have been used after the various items to designate, respectively: article, abstract, book review, correspond- 
ence, editorial, frontispiece, and portrait or picture. 


ABRAHAMS, H. J. Electrolytic experi- 
ments in high-school chemistry (Ab)... . 
Aparr, A. The striking-back of a Bunsen 
Oe CMR ca 5 cc 5 bis cerca sad aemend 
Atvicrort, R. aANDH.H. GREEN. Rapid ti- 
trimetric estimation of arsenic in bio- 
TGMICGE TORETIAL CAD). occ ces tc ccwcs 
ALLEN, I., JR. AND E. R. SAuTER. The 
chemical constitution of rubber in the 
light of Staudinger’s work (Ar 
ALLEN, J.S. Films in the college classroom 
AtyEA, H.—See Foster, W. 
AMBERGER, K. The aan of food in 
ore eA ee eee 
AMBLER, .—See LuNGE, G. 
ANABLE, A. What of the future for chemi- 
cal engineering graduates?(Ab)........ 
APPLEBEY, M. P. Recent developments in 
the chemistry of sulfur (Ab) 
Armssy, S. P. Chemical lime hydrate of 
Gpportumite CAD). noises cece cons 


ARMSTRONG, H. E. Chemical industry 
and Carl Disisherg (AD). 66<ccic ccc cece 
BACH, W. A _ new absorption tube 


CRRA rc cttr Mote Leable eas ce Monee ee 
BakErR, J. W. Tautomerism (B).......... 
Batpwin, M. E. Diet and like it (B)..... 
BarGer, T. M. Effectiveness of the in- 

dividual laboratory method in science 

courses (Ar 
Barnes, T. C. The biological effects of 

Temes Watet: Cll os. cce lc eet ences 
Barr, The measurement of teaching 

ability Carrere be oe «ae wa aso 
Beit, E. T. The search for truth (B).. 
BENNETT, ¢. Balancing equations by 

the valence-change method (Ar)...... 
BENNETT, H. Practical everyday chemis- 

DUMOINDS «55 555 cae 3 oe ie aes Sasi ae ae 
Benson, H. K. Chemical industry holds 

the key to Washington’s resources (Ab) 
Beri, E. Pressure synthesis a any 

for sulfuric acid manufacture (Ab). . 
Betts, H. J.—See DuNBaAR, 

BLANCHARD, Ww. M. Fostering the spirit of 
inquiry in the college of liberal arts (Ar). 

a E. W. A low-pressure gas bubbler 
A 


An improved heated vacuum micro- 
Ce eee ere 

Modification of the Bunsen  buret 
(Ar 


Laboratory 


manual of physiological chemistry 


GUN reco hen be 0 ua eale We elec beced tes 
Bonn, P. A. The fundamentals of general 
CI oon 66 5:0. on ned ng bh% mae 
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RatTcuirFe, J. A. Pat advances in 
atomic physics. I (Ab) 

Raus, E. The origin of the venvene odor 
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SHRINER, R. L. AND R. C. Fuson. The 
systematic identification of organic 
compounds. A laboratory manual (B). 
SILVERMAN, A. The prerequisite and col- 
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in unique transportation pattern (Ab) 

aaa; | . W. From iaboratory practice 
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Stock, A. AND F. “Cucet. "Absorption ‘and 
—-* of mercury in the organism 
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on the precipitation of calcium car- 
bonate from water (Ab).............- 

Stuart, A.—See HARTSHORNE, N. H. 

Stuart, H. A. New models for the demon- 
stration of the correct space occupancy 
OF NID CROID nso 010.650 0.0 s5nceeene 

Sy, A. P. Alchemy (AC). ...cccccescceses 


THEIMANN, T. Demonstration of the 
Boyle-Mariotte law by means of a 
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Wuitsy, L. ee : batteries Bi crzadl I: 
Acid cells. . 7 45 
Il. Alkaline cells... 198 
WHITE, Laboratory preparation of 
iodine (Ar).. aN 169 


See also PARKER, M. W. 
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istry laboratory. XXIII. Fundamen- 

tals and useful applications of physical 

methods of analysis in chemistry (Ab). 594 
Wurm, E. The vulcanization of rubber 

(Ab) 45 


YOUNG, G. J. California’s growth re- 
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tion of chlorine, bromine, and iodine 

from. M. J. PovissarR (Ar).........- 
Archeology, Further applications of chem- 

istry to. W. Foster Oba FR nays 577 
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A. T. LINCOLN AND E. Orson (Ar).. 264 
Arsenic in biological material, Rapid titri- 

metric estimation of. ALLCROFT 

AND H. H. GREEN (Ab)............-- 395 
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California’s growth reflected in her chemical 


industries. G. J. YounG (Ab)....... 
VAN MULOGRTERCAD) 6.06.00.65.5 cede cee ce 

isothermal. a. B,. 
SREERANGACHAR AND M. SREENAVA- 


RR dia yo aitre Fuinia ses Fore thee cence. 


Comes, Photomicrography with a box film. 


K. J. SavaGe (Ab) 


Camera way of visual instruction, The 


miniature. J. B. MacHarc (Ab)..... 


Caoutchouc regeneration and regenerates. 


ee Pe OID oy 65.5 s06-6 9.» sco orececate 


Carbon, Chemical engineering applications 


of structural. R.S. McBripeg (Ab)... 


Mechanizing “the { roduction * of 


superior. Epit. Starr (Ab) 
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Catalysis, Simple demonstration of. H. 
KAMMIN (Ar)...... 0.6 50s eee ene eens 
Catalysis in applied chemistry. V. Ca- 


talysis in analysis and plant control. 
R. Lucas (Ab).. 
Cathode film control and metal ‘deposition. 
C. G. Fink (Ar) 
Caustic soda recovery in the rayon industry. 


1 Bc Rie CBee bc ce ne renuee gases 
Cells, Acid. Storage batteries—I. L. 
Whibene CAD. cs cc nedacvacksen es et 
Cells, Alkaline. Storage batteries—II. L. 
WE SEs a creda acces dvn ces oes 


Celluloid in oo a The use 
of. W. WEsTON, JR. (A 
Cellulose, Kthyl. ANon. (A 
Cement, Progress in the chemistry and 
technology of. WOLFGANG GRAF 
CZERNIN (Ab) 
Census of graduate research students in 
chemistry and chemical engineering, 
The eleventh, 1934. C. Hutt ann C. 
pes RY ee ee eee ee ee 
Chair of chemistry in the University of 
Edinburgh in the 18th and 19th cen- 
turies, The. J. E. MACKENZIE (Ar).. 
Champion chemistry team, Roseville...... 
Chapin, Miss Octavia, Death of 
Charles, J. A. C. (P 
Chart for the rational study of chemistry, 
A. A.J. J. VANDEVELDE (Ar) 
Chemical, Physico-, studies on the precipi- 
tation of calcium carbonate from water. 
R. STRUMPER (Ab) 
Chemical arts in the Mount Athos Manual 
of Christian Iconography. J. 
PARTINGTON (Ab) 
Chemical brakes. ANon. (Ab) 
Chemical constitution, Absorption of light 
and. A. SMAKULA (Ab) 
Chemical constitution of rubber in the light 
of Staudinger’s work, The. I. ALLEN, 
Je. anp E. BR. Savrum (At)............ 


Chemical education, The extent of. V. H. 
reo re rrr te 
Chemical education, Trends in. P. M. 


po Ly) ea ewer ere 
Chemical education and industry (E)...... 


Chemical elements and their atomic num- 


bers as points on a spiral. N. OPoLo- 
Ce res ich at Ceca he 30a ences 
Chemical engineering, Beyond today’s 


materials of. H.L. MAxwe.t (Ab).. 
Chemical engineering applications of struc- 
tural carbon. McBripeE (Ab)... 
Chemical engineering graduates, What of 
the future for? A. ANABLE (Ab) 
Chemical engineering laboratory, Design 
and equipment of a. N. W. KRASE 
Chemical equilibrium for students of physi- 
cal mn ab Experiment in. E. 
. SPEALMAN, AND T. G. 


Puiprs, M. L 
oO arr a ere 
Chemical events, American, 1931-34. 
R. WEIDLEIN AND L. W. Boss (Ab)... 
Chemical executives look at 1935, How three 
Chemical industries, Fifteenth exposition of. 
Chemical industry, Economic foundations of 
American. W. Haynes (Ab) 
Chemical industry, Fermentation as a 
factor in producing organic acids for. 
T. HERRICK AND E. May 
Chemical industry, Rubber as_ building 
material for the. S. REINER (Ab). 
Chemical industry and Carl Duisberg. 
H. E. ARMSTRONG (Ab).............. 
Chemical interrelationships in the cholane 
group. H. Jensen (Ar 
Chemical lime hydrate of opportunity. 
S. P. Armssy (Ab) 
Chemical microscopy. R. D. Coot (Ab).. 
Chemical nature of organic matter or humus 
in soils, peat bogs, andcomposts. S.A. 
, oo” — rear 
Chemical plants, Rubber equipment for. 
IN oxen 69.65.004.66n 2 es 
Chemical plants, Silver equipment in. 
I. C. SCHOONOVER (Ab) 
Chemical review, 1934 in (Ab)............ 
Chemical society in the world, The first. 
J. Kenpatv (Ar) 
Chemicals in i 
Chemiluminescence of 
dylium salts, The. 
PetscuH (Ab) 
Chemist and national defense, The. 
PRATT 
Chemist in industry, evening instruction 
for the. A. GuILLaupEu (Ar) 
Chemistry—See also Organic chemistry and 
Inorganic chemistry. 
Chemistry, A contract method in high- 


W. Haynes (Ar) 
dimethyl-diacri- 
K. GLEN AND W. 





school. P. Scuuntz (Ar)......... 
Chemistry, Colloidal, homeopathy and 
medicine. A, KUHN Wek Stccanecs< 


Chemistry, How to study. W. A. MANUEL 


Chemistry, Nuclear. K. K. Darrow (Ar). 


98 
520 
594 

45 


198 
546 
497 


496 


339 


= 
92 


376 
108 


70 
297 
396 


44 
98 


390 
502 


595 


318 
448 


199 
593 


448 


296 

45 
546 
559 
247 
546 
511 

44 


44 
246 


565 
103 
346 
146 

40 


239 
297 


579 
76 





Chemistry, Physical methods in. T. M. 
BR CB ciicccceecisebeveeneere 46 
Chemistry, Testing for a mastery of the 
principles of. B. C. HENDRICKS AND 
Me We RWG CAN ease rcesee nds 199 
Chemistry, The prerequisite and collateral 
value of. A. SILVERMAN (Ar)........ 422 
Chemistry, The profession of. W. N 
FF ee eer rere 314 
Chemistry, What a weteachin? G. M. 
po a) ere ore 595 ~ 
Chemistry and alchemy, Primitive science, 
tae background of early. T. L. Davis 3 
) Ee a Are Tere 
Chemistry and technic of anti-knock com- 
pounds. E. Bosstnc (Ab)........... 496 
Chemistry at Colorado College. F. W. 
pe es eee 147 
Chemistry at Swarthmore college, Honors 7 
work in. H. J. CREIGHTON (Ar).. 260 
Chemistry at Wellesley. R. JoHNSTIN (Ab) 247 
Chemistry departments, Source of inex- 
pensive reference material for. W. L. 
MANZE AND R. D. REED (Ab)........ 46 
Chemistry in general education, The cul- 
tural value of. B.S. Hopkins (Ar)... 418 
Chemistry in general education, The 
training value of. J. H. Srmons (Ar) 461 
Chemistry in the University of Edinburgh in 
the 18th and 19th centuries, The chair 
e.. ¥. 8. MACKENZIE 0) 503 
Chemistry of cue The. R. ScHWARZ ‘ 
; 94 
Chemistry of metals in their ‘relationship 
to classical chemistry, The. O. DEH- 
pao |) Oe ee 98 
Chemistry student still needs a reading 
knowledge of German, The. O. E. 
SPUD CIOS ovo oon Se Giincswwsenes 472 
Chemistry to archeology, Further applica- 
tions of. W. Foster (Ar)........... 577 
Chemists, Are there too many? EDIT. a? 147 
Chicago, Summer lectures at........... 160, 273 
Chlorine, bromine, and iodine from aqueous 
solutions, The rates of evaporation of. 
pp 8. ere 89 
Chlorine, Laboratory preparation of oxygen 
and of. F. C. Krausxopr (Ar)....... 293 
Chlorophyll. J. Gmtvespre (Ab).......... 347 
Chlorophyll and hemoglobin—two natural 
pyrrole pigments. E. M. Drerz (Ar). 208 
Cholane group, Chemical interrelationships 
ithe, EE. Juste (At)... 6c cce 559 
Christian Iconography, Chemical arts in the 
ount Athos Manual of. R. Par- 
WEMNUE CMI boca sos ocle s o.cle le rcecee 396 
Cincinnati lectures. . ot 
Circulation, Publisher’s statement of...... 267 
Citizenship, Science’s contribution to. B. 
Cos OL | Sa ey app bear 199 
Classical chemistry, The ch try of metals 
in their relationship to. O. DEHLINGER 3 
ry catia accucle Ua cia evi d mide oan eae 9 
Coal, ‘“‘Glass’”’ from. ANON. (Ab)........ 246 
Coal, The decay of wood and the formation 
OE Be Pe Gra onc ccccerons 447 
Coal in Knowles coke oven, Processing. R. 
Pg 2) eee ar 447 
Coal-tar dye industry, Intermediate prod- 
ucts of the. H. BucHERER (Ab)..... 98 
Cobalti-nitroso-befa-naphthol in a general 
chemistry experiment, Use of colloidal. 
eS gS "eee 193 
Coke oven, Knowles, Processing coalin. R. 
Bo Ys reer 447 
Collateral value of chemistry, The prereq- 
uisite and. A. SILVERMAN (Ar)....... 422 
College chemistry, Accepted objectives in 
tae teaching of general. O. M. SmitH 198 
College chemistry, Development of the cur- 
riculum in. W. MeErRwIn (Ar). 541 
College course for students who have had 
high-school chemistry, Results of a 
short first-year. L.O. Hix (Ar)..... 323 
College of liberal arts, Fostering the spirit 
of inquiry in the. . M. BLANCHARD 
CRB ener rec cvins uk oo cewek 5 whoo 459 
Colloidal chemistry, homeopathy and medi- 
ee SS eee 297 
Colloidal cobalti-nitroso-beta-naphthol in a 
general chemistry experiment, Use of. 
Ce oT a) re 193 
Color-making, Medieval: Tractatus quali- 
ter quilibet artificialis color fieri possit, 
from Paris, B.N., Ms. Latin 6749b. 
D. V. THOMPSON, JR. [/. |) Pie 396 
Color photography, Problems of. Von 
pe) ra 296 
Colorado College, Chemistry at. F. W. 
BIA Cas Saas coniccc es + etcese's 147 
Colored overcoats. ANON. (Ab).......... 97 
Combining volumes, Lecture demonstration 
of the law of. T. H. James (Ar)..... 87 
Combustion experiments with vapors, gases, 
and dusts. F. ZEMAN (Ar).......... 483 
Commerce, Chemicalsin. W.Haynes(Ar). 103 
Commercial dynamite, Modern. P. NaéduM 
CMG iccdcaccce pers fics catent annie 247 
Committees of the Division of Chemical Edu- 
cation of the A. C.&.......0.006 sven =I 





Composts, Chemical nature of organic 
matter or humus in soils, peat bogs, 

and. S. A. WAKSMAN (Ar)........... 511 
Compounds, + sepa molecular. z. 

PFEIFFER (Ab).. ads 448 
Computing the exact mass in grams of an 

ete. Ta 3e. COME CED «6 asc ecictes 448 
Condensers. E. J. WititaMs (Ab)........ 247 
Conductance measurements made with stu- 

dent-type equipment, Increasing the 

accuracy of electrolytic. L. NuTTiInG 

CRB sa ete vas cies Cove ureckeere sc 286 
Confirmatory test for zinc ion, Modification 

in the. KELLY AND E. L. 

EA) Sa are 481 
Constant-boiling hydrochloric acid. J. L. 

a Et) a ee rr rr 377 
Constant- boiling mixture HCl-H20, The 

boiling point of the. W. E. Cappury, 

D0) eee ae ee re er 292 
Constant-temperature bath employing 

thermionic control. G. W. THIESSEN 

AMD L.. Fo WOME CAS dice cctnceccuss 72 
Constitution of rubber in the light of Stau- 

dinger’s work, The chemical. ‘ 

ALLEN, JR. AND E. R. SAuTER (Ar).... 135 
Continuous spectra, Representation of sta- 

tistical distributions by. T.H. Hazvis- 

HURST, JR. AND W.H. Kewvey, Jr. (Ar) 309 
Contract hg in high-school chemistry, 

A. FP. Domenes CAS)... cov cecscs 239 
Contsiieelaie of laboratory work to general 

—, The. H. I. SCHLESINGER 

Py PORE RE OAT ree er Oe 524 
Contriimeion of the chemist to: sugar, pe- 
troleum, agriculture, medicine, dye, 
printing ink, rubber, precious metals, 
plastics, fertilizer, heavy chemicals, 
electrical, varnish, leather, glass, paint, 
vegetable oil, cosmetic, textile, metal, 

and food industries, The. Various 

pO | a eee 496 
Convenient filter-paper dispenser. C. L 

po. rr ey ere rrr 369 
Conversion of acetaldehyde into acetic acid, 

The. H. THOMMEN (Ab)............ 297 
Copper from its ores, The extraction of. W. 

ps ee 296 
Cornell, Summer courses at.............. 197 
Corrosion of metals by phosphoric acid. F. 

pe | een 496 
Co problem, Silver may solve your. 

A. Rocers (Ab ).- 146 
Conan studies, The importance ‘and cur- 

rent state of. W. WIEDERHOLT (Ab). 297 
Course, The need of modernizing the 

general. E. A. WitpMAN (Ar)........ 11 
Course for students who have had high- 

school chemistry, Results of a short 

first-year college. L. O. Hix (Ar). 323 
Course in chemistry, Modernizing then tro- 

ductory high-school. E. C. WEAVER 

CBee vcnc ge vecn tech ae teewe vas tamed 125 
Courses, Effectiveness of the individual 

laboratory method in science. T. M. 

pT 229 
Cover picture, The March............... 238 
CO, Ts Co ac bo cc cccicns condense 510 
Ce OS yp eee eres 504, 505 
Cultural value of chemistry in general edu- 

cation, The. B.S. Hopkins (Ar)..... 418 
Cuprous oxide, Pure, for the derivation of 

the law of multiple proportions. R. 

SEN CRO ow io sincccteccusiecesas 45 
Curie, Madame Pierre (Marie Sklodowska 

urie). A. F. Kovarik (Ab)........ 147 
Curricula: 
Evening instruction for the chemist in 

industry (Af). 40 

The need of modernizing ‘the "general 

course (Ar) Wie tac heck ce One ee ane ences 11 

Curriculum in calicee meeneein stein 

ment of the (Ar). 541 
GARR RCO oi ose edie wie vicotcvasses 201 
Daniel Rutherford’s inaugural dissertation. 

7 RI ORUE. ca vcctabaennacecys + 370 
Dascomb, Dr. James. E. S. Cook (Ar) 111 
pS Als SR ory 112 
Dead Sea—See The sea that played possum am 

PE eee le 8 ERA 
Death Pr Miss Octavia Chapin........... 376 
Decay of wood and the formation 'of coal, 

The, BOA, Rooem (AB). ...6.5..-2. 447 
bok a1) PNA ee err rere t 451 
Defense, The chemist and national. J. D. 

i, i | iI SC aie iret ar rere 146 
pO hy rere 161 
Del Rio, Don Andrés Manuel, The scientific 

contributions of. M. E. WEEKS (Ar).. 161 
Demonstrate the migration of ions, A rule 

to. A. S. FEporow (Ar) Rake oh Kao acs 93 
Demonstrating electroédsmosis, An appara- 

tus for. W. RENNEBERG (Ab)........ 346 


Demonstration experiments: 


Lecture experiments in general chemistry. 
IV. The law of partial pressures. 





608 


The law of diffusion of gases (Ar)..... 
The \ eaanieneee of a Bunsen burner 

Demonstration, A lecture, ‘‘Pharaoh’s ser- 
pents.”” R. E. D. CrarK (Ab) 

Demonstration, Visual, of the extraction 
theory. E. W. Buank (Ar).......... 

Demonstration of Brown’s molecular move- 
ment by means of simple apparatus. 
Perr rere ee 

Demonstration of catalysis, Simple. H. 
Terr re 

Demonstration of rotating-vibrating dia- 
tomic molecules. T. H. HAZLEHURST, 
Jr. (Ar) 

Demonstration of the Boyle-Mariotte law 
by means of a bicycle pump. T. 
po errr errr 

Demonstration of the evaporation of mer- 
cury, Visual. W. G. LEIGHTON AND 
P. Bis SO AAS oss vivevntess ces 

Demonstration of the law of combining 
volumes, Lecture. T. H. James (Ar). 

Demonstrations as a substitute for labora- 
tory practice in general chemistry. H. 
Tg Cee aor eer er 

Deposition, Cathode film control and metal. 

Fink (Ar) 

Derivation of the mass action expression, 
The kinetic. H. G. Demrno (C). 

Design and equipment of a chemical engi- 
Tie laboratory. N. W. KRASsE 

ey ee ee eee 

Detection and measurement of freezing 
injury in Valencia oranges. W. B. 
BRASS CO «06.00.00 6 c06nenetnnsgess 

Detergents, The new. R.A. Duncan (Ab) 

Determination of chemical equivalents by 
the eudiometer method, The. A. T. 
LINCOLN AND H. P. KuiucG (Ar)........ 

Determination of equivalent weights, Note 
on. a eS Cee are 

Determination of magnesium as magnesium 
ammonium phosphate hexahydrate. 
Te; 3. By PAMOEAG CAS) 6.6 653 cicce sos 

Determination of the indices of refraction of 
a Method forthe. J. L. SHELDON 

eRe Pe er eer ee re 

Determination of the moisture content of 
benzine. M. Corps (Ab)............ 

Determination of the percentage by volume 
of oxygen in air. A. T. LINCOLN AND 
eS pe rr rae 

Determination of the pH value with indi- 
cator paper foils according to Dr. 
HG6ll, A new quick method for the prac- 
tical. H. A. Pawene (Ab)... «6.0000. 

Detersive industry, The soap and. 
RTE ANN soins ein e ¥b ane doe ae es 

Deuterium—See also Heavy hydrogen and 
Heavy water. 

Development of rotenone and similar sub- 
stances as insecticides. R. M. Wuit- 
Ug | a rarer errr Tree 

Development of the curriculum in college 
chemistry. B. W. Merwin (Ar). 

Developments in the chemistry = sulfur, 
Recent. M. P. AppLEBEY (Ab) 

Diffusion of gases, The law of, V. Lecture 
experiments in general chemistry. IV. 
The law of partial pressures. Ss. 
Morris AND A. J. W. HEADLEE (Ar).. 

Dilution of standard solutions to others of 
known strengths. E. J. Leeminc (Ab) 

Dimethyl-diacridylium salts, The chemi- 
luminescence of. K. GLEN AND W. 
MEL Soi bss 64s ce eee os oes 

Discovery of spectrochemical analysis, 
David Alter and the. W. A. Hamor 

Ab 


Dispenser, Convenient filter-paper. 
UNRATH (Ar) 
Dissertation, Daniel Rutherford’s inaugural. 
L. Dosstn (Ar) 
Dissertation, Joseph Black’s inaugural. L. 
Dossin (Ar) I 


Distillation, wood, Acetic acid and a profit 
from. F. OruMER (Ab) 
Distributions by continuous spectra, Repre- 
sentation of statistical. T. H. Hazve- 
HURST, JR. AND W. H. KE ey, Jr. 


ND 6155s ANS ie dG bale WA vats kee tease 


Dithiazon as reagent for the qualitative and 
H. 


quantitative microanalysis. 
PRD Fb 6iicds06 ceases ses bs os 
Division of Chemical Education, A.C. S.: 
EFC ILE LOO CETTE ee 
Meetings: New York—Program......... 
Minutes, .......ccccesccnseceeeceseee 


Dr. James Dascomb. E. S. Cook (Ar).... 
Domestic iodine industry demands recogni- 
tion. P. D. V. Manninc (Ab) 


Drierite, Use and regeneration of. 
PAMOM NAE 5 vo0sio-n.0%.s s2000eee ess 
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Duisberg, Carl, Chemicalindustry and. H. 
E. ARMSTRONG (Ab) 

“DuPrene”’ forges ahead. E. R. BripGE- 
WATER (Ab 

Dye industry, Intermediate products of the 
coal-tar. H. BuCHERER (Ab 

Wool-, in England. ANoN. 


nee ied ie ee aoe 
Dyes, Synthetic, and their importance in 
medical-biological research. G. Hecut 


Pere rr rere Cre ee ee 
Dynamite, Modern commercial. P 
De CBR) 5 8 sapere a 4S HER wAKD OR 
ECONOMIC foundations of American 


chemical industry. W. Haynes (Ab) 
Edible oils, New methods of refining. C. H. 
KEUTGEN (Ab) 
Edinburgh in the 18th and 19th centuries, 
The chair of chemistry in the Uni- 
ar of. J. E. MACKENzIg (Ar).. 
Editoria 
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45 
98 
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52,102, 152,202,252,302,352, 402, 452, 502, 552 
W. H. 


Education, Science in secondary. 
FYFe (Ab) seh) wh Rllaeeee SPSL ete Oe arin 
Education, The contribution of laboratory 
he to general. H. I. SCHLESINGER 
re eae eR eR Leena aie A prec 
Education, The cultural value of chemistry 
in general. B.S. Hopxrns (Ar) 
Education, The extent of chemical. 
Nott (Ar) 
Education, The training value of chemistry 
in general. J. H. Stmons (Ar) 
Education, Trends in chemical. P. 
CURIE TIRED os 60.0 :5:5.5.9 9 4ks 56 Che 0 
Education, What are the trends in engineer- 
ing? W.N. Jongs (Ab) 
Educational research in colleges and uni- 
versities, Organization for effective. 
P. Mort (Ab) 
Educational trends, 
b 


‘V.H. 


is, Modern social and 


Effectiveness of the individual laboratory 
M. 


method in science courses. 
rere rae ere 
Efficient, inexpensive hot plate, An. L. C. 
eer ee 
Efficient fume hood, An. G. W. MUHLE- 
err eee 
Electrical insulation material, Interesting 
SIU SINS cg o:d' nc Jahren so: rate tb care ace 


Electrolysis of aqueous solutions, The. S. 
GLASSTONE (Ab) 
Electrolysis of water. 
Electrolytes, Solutions of. A. W. 
i. RRs Py et ppt oF 
Electrolytic alkali. bird a industry— 
i RE Re Re eS ee aa 
Electrolytic Bo 6 noe measurements 
made with student-type equipment, 


F. J. Lorz (Ab)..... 
DAvip- 


Increasing the accuracy of. L. Nut- 
SPN ROMINN 55 o's ola h-Ased a) 9 ova 4p arenes eso Rtas 
Electrolytic experiments in high-school 


chemistry. H. J. ABRAHAMS (Ab).... 
Electrolytic solutions. The present state of 
the problem of. C. A. Kraus (Ar). 
Electrometric titration and neutralixation 
reactions. II. Apparatus and tech- 
mic. C. MORTON CAD)... .cccccrcccecs 
Electrons, Positive. G. Kirscu (Ab)...... 
Electrodsmosis, An apparatus for demon- 
strating. W.RENNEBERG (Ab)....... 
<n Current Indian magic 
PENED ov5.5.0\p Ocyiin eh aw Ree D WE Foe oa 
Elementary chemistry teaching, 1. odail 
ment in. G. WAKEHAM (Ar) ‘ 
Elementary laboratory instruction. 
SRR Arr 
Elements, Chemical, and their atomic num- 


bers as points on a spiral. N. OpoLo- 
SE UE 605 6a ke ON ak ocean ae 
Elements, The transmutation of the. A. J 
O° SPR aR pean rem a: Yin aes 


Elements of the quantum theory (E)...... 
Elements of the quantum theory. S. 
DusumMan (Ar). I. Quantum phe- 
nomena 
II. The differential equation for a wave 
WEI, . 0 00nscc teen sneer aemenaee 66 
III. Problems of potential barriers... 
IV. The linear harmonic oscillator... 
V—A. The rigid rotator 
V—B. The rigid rotator (concluded). 
VI. The hydrogen atom............ 
VII—A. van der Waals’ forces...... 
Elements of the 12th century as described 
by Alexander Neckam, The four. E. 
O. von LippMANN (Ab)............--- 
Eleventh census of graduate research stu- 
dents in chemistry and chemical engi- 
neering, 1934, The. C. Hutt anp C. 
De EE Mes an co gine sts an so heme 
Elimination of arm-length errors in weigh- 
ing. R. DAMERELL (Ar) 
Energy—See Atoms in action. 
sleeping energy of atoms (Ab) 
Energy experiment, Surface. J. R. Cap- 
WELL (Ar) 
Energy relationships of the compounds of 
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the type AmBn in the periodic system. 

H. G. Grimm (Ab) 
Engineering, Chemical, 

structural carbon. 


applications of 
z. 3 CBRIDE 
OT BAe ee Sey ae 
Engineering, chemical, Beyond today’s ma- 
terialsof. H.L. MAXWELL 1” Ee 
ae en, What are the trends 
in? N. Jones |" SRR rae 
‘ciated graduates, What of the future 
for chemical? A. ANABLE (Ab) 
Engineering laboratory, Design and equip- 
ment of a chemical. N. W. KRaAsE 
CID ond sx ca ccense 43 oie ead ele ce ea ales 
Enzymatic destruction of the vitamin A 
value of alfalfa during the curing proc- 
HAuUGE 


ess, Evidence of. 
ae sos icles ee oe9 0r Rcaie See iele ee 
Enzyme reactions, Simple. H. J. PHELPS 


Enzyme studies in histological chemistry by 
the Linderstrgm-Lang Holter technic, 


Methods and applications of. 

CRE ns cid nbs sve ached pecans 
Enzymes for industrial purposes, The appli- 

cation of. A. Haass (Ab)............ 


Enzymes for industrial purposes, The use of. 
I CR ackaesnanns bobo cakes sae 
a el A simple. H. E. Watson 


Equations by the valence-change method, 
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